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Description 

Technical Field 

s [0001] The Invention relates to materials and methodologies for managing the spread of non-A, non-B hepatitis virus 
(NANBV) infection. More specifically, it relates to diagnostic DNA fragments, diagnostic proteins, diagnostic antibodies 
and protective antigens and antibodies for an etiologic agent of NANB hepatitis, i.e., hepatitis C virus. 

References Cited in the Application 

10 

[0002] Barr et al. (1 986), Biotechniques 4:428. 
Botstein (1979), Gene 8:17. 

Brinton, M.A. (1986) in THE VIRUSES: THE TOGAVIRIDAE AND FLAVIVIRIDAE (Series eds. Fraenkel-Conrat and 

Wagner, vol. eds. Schlesinger and Schlesinger, Plenum Press), p.327-374. 
is Broach (1 981 ) in: Molecular Biology of the Yeast 

Saccharomyces, Vol. 1, p.445, Cold Spring Harbor Press. Broach et al. (1983), Meth. Enz. 101:307. 

Chang et al. (1977), Nature 198:1056. 

Chirgwin et al. (1979), Biochemistry 1_8:5294. 

Chomczynski and Sacchi (1987), Analytical Biochemistry 162:156. 
20 ciewell et al. (1969), Proc. Natl. Acad. Scl. USA 62:1159. 

Clewell (1972), J. Bacteriol. 110:667. 

Cohen (1972), Proc. Natl. Acad. Sci. USA 69:2110. 

Cousens et al. (1987), gene 61j265. 

De Boer et al. (1983), Proc. Natl. Acad. Scl. USA 292:128. 
25 Dreesman et al. (1985), J. Infect. Disease 151:761. 

Feinstone, S.M. and Hoofnagle, J.H. (1984), New Engl. J. Med. 311:185. 

Fields & Knipe (1906), FUNDAMENTAL VIROLOGY (Raven Press, N.Y.). 

Fiers et al. (1978), Nature 273:113. 

Gerety, R.J. et al., In VIRAL HEPATITIS AND LIVER DISEASE (Vyas, B.N., Dlenstag, J.L., and Hoofnagle, J.H., eds, 
30 Grune and Stratton, Inc., 1984) pp 23-47. 

Goeddel et al. (1 980), Nucleic Acids Res. 8:4057. 

Graham and Van dor Eb (1978), Virology 52:546. 

Grunstein and Hogness (1975), Proc. Natl. Acad. Sci. USA 73:3961. 

Grych etal. (1985), Nature 316:74. 
35 Gubler and Hoffman (1 983), Gene 25:263. 

Hammeriing et al. (1981), MONOCLONAL ANTIBODIES AND T-CELL HYBRIDOMAS. 

Hess et al. (1 968), J. Adv. Enzyme Reg 7:149. 

Hinnen et al. (1978), Proc. Natl. Acad. Sci. 75:1929. 

Hitzeman et al. (1980), J. Biol. Chem. 255:2073. 
40 Holland et al. (1 978), Biochemistry 17:4900. 

Holland (1981), J. Biol. Chem. 256: 1385. 

Houghton et al. (1981), Nucleic Acids Res. 9:247 

Hunyh, TV. et al. (1985) in DNA CLONING TECHNIQUES PRACTICAL APPROACH (D. Glover, Ed., IRL Press, Oxf 

U.K.) pp. 49-78. 
45 Immun. Rev. (1 982) 62:185. 

Iwarson (1987), British Medical J. 295:946. 

Kennett et al. (1980) MONOCLONAL ANTIBODIES. 

Laemmli (1 970), Nature 227, 680. 

Lee etal. (1988), Science 239:1288. 
so Maniatis, T, et al. (1 982) MOLECULAR CLONING: A LABORATORY MANUAL (Cold Spring Harbor Press, Cold Spring 

Harbor, N.Y.). 

Mayer and Walker, eds. (1987), IMMUNOCHEMICAL METHODS IN CELL AND MOLECULAR BIOLOGY (Academic 
Press, London). 

Maxam et al. (1980), Methods in Enzymology 65:499. 
55 MacNamara et al. (1984), Science 226:1325. 
Messing et al. (1981), Nucleic Acids Res. 9:309. 
Messing (1983), Methods in Enzymology 101:20-37. 
METHODS IN ENZYMOLOGY (Academic Press). 



2 



EP00Q318216 rhUp://ww w.g eithepatentxom/LoOT 



Page 3 of 10 



EP 0 318 216 B2 

Michelle et al., Int. Symposium on Viral Hepatitis. 

Monath (1 986) in THE VIRUSES: THETOGAVIRADAE AND FLAVIVIRIDAE (Series eds. Fraenkel-Conrat and Wagner, 

vol. eds. Schtesinger and Schlesinger, Plenum Press), p.375-440. 

Nagahuma etal. (1984), Anal. Biochem. 141:74. 
5 Neurath et al. (1984), Science 224:392. 

Nisonoff et al. (1981), Clin. Immunol. Immunopathol. 21_:397-406. 

Overby, LR. (1985), Curr. Hepatol. 5:49. 

Overby, LR. (1986), Curr. Hepatol. 6:65. 

Overby, LR. (1987), Curr. Hepatol. 7:35. 
10 Peleg (1969), Nature 221:193. 

Pfefferkorn and Shapiro (1974), in COMPREHENSIVE VIROLOGY, Vol. 2 (Fraenkel-Conrat & Wagner, eds., Plenum, 

N.Y.) pp. 171-230. 

Prince, A.M. (1983), Annu. Rev. Microbiol. 37:217. 

Rice et al. (1986) in THE VIRUSES: THE TOG AVI RID AE AND FLAVIVIRIDAE (Series eds. Fraenkel-Conrat and Wag- 
15 ner, vol. eds. Schlesinger and Schlesinger, Plenum Press), p. 279-328. 

Roehrig (1 986) in THE VIRUSES: THETOGAViRIDAE AND FLAVIVIRIDAE (Series eds. Fraenkel-Conrat and Wagner, 

vol. eds. Schlesinger and Schlesinger, Plenum Press) 

Sadler et al. (1980), Gene 8, 279. 

Saiki et al. (1986), Nature 324: 163. 
20 Sanger et al. (1 977), Proc, Natl, Acad. Scl. USA 74:5463. 

Schlesinger et al. (1986), J. Virol. 60:1153. 

Schreier, M.,etal. (1980) HYBRIDOMA TECHNIQUES Scopes (1984), PROTEIN PURIFICATION, PRINCIPLES AND 
PRACTICE, SECOND EDITION (Springer-Verlag, N.Y). 
Shimatake etal. (1981), Nature 292:128. 
25 Stelmer et al. (1 986), J. Virol. 58:9. 

Stollar (1980), in THE TOGAVIRUSES (R.W. Schlesinger, ed., Academic Press, N.Y), pp. 584-622. 
Taylor et al. (1976), Biochem. Biophys. Acta 442:324. 
Towbin et al. (1979), Proc. Natl, Acad. Sci. USA 76, 4350. 

Tsu and Herzenberg (1980), in SELECTED METHODS IN CELLULAR IMMUNOLOGY (W.H. Freeman and Co.) pp. 
30 373-391. 

Vytdehaag et al. (1985), J. Immunol. 134:1225. 
Valenzuela, P., et al. (1982), Nature 298:344. 

Valenzuela, P., et al. (1984), in HEPATITIS B (Millman, I., et al„ ed, Plenum Press) pp. 225-236. 
Warner (1984), DNA 3:401. 
35 Wu and Grossman (1987), Methods in Enzymology Vol. 154, RECOMBINANT DNA, Part E. 
Wu (1987), Methods in Enzymology vol 155, RECOMBINANT DNA, part F. 
Zoller (1982), Nucleic Acids Res. 10:6487. 

Cited Patents 

40 

[0003] 

U.S. Patent No. 4,341,761 

U.S. Patent No. 4,399,121 
45 U.S. Patent No. 4,427,783 

U.S. Patent No. 4,444,887 

U.S. Patent No. 4,466,917 

U.S. Patent No. 4,472,500 

U.S. Patent No. 4,491 ,632 
so U.S. Patent No. 4,493,890 

Background Art 

[0004] Non-A, Non-B hepatitis (NANBH) is a transmissible disease or family of diseases that are believed to be viral- 
55 induced, and that are distinguishable from other forms of viral-associated liver diseases, including that caused by the 
known hepatitis viruses, I.e., hepatitis A virus (HAV), hepatitis B virus (HBV), and delta hepatitis virus (HDV), as well 
as the hepatitis induced by cytomegalovirus (CMV) or Epstein-Barr virus (EBV). NANBH was first identified in transfused 
individuals. Transmission from man to chimpanzee and serial passage in chimpanzees provided evidence that NANBH 
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Is due to a transmissible Infectious agent or agents. However, the transmissible agent responsible tor NANBH Is still 
unidentified and the number of agents which are causative of the disease are unknown. 

[0005] Epidemiologic evidence Is suggestive that there may be three types of NANBH: the water-borne epidemic 
type; the blood or needle associated type; and the sporadically occurring (community acquired) type. However, the 

5 number of agents which may be the causative of NANBH are unknown. 

[0008] Clinical diagnosis and identification of NANBH has been accomplished primarily by exclusion of other viral 
markers. Among the methods used to detect putative NANBV antigens and antibodies are agar-gel diffusion, counter- 
Immunoelectrophoresis, Immunofluorescence microscopy, immune electron microscopy, radioimmunoassay, and en- 
zyme-linked immunosorbent assay. However, none of these assays has proved to be sufficiently sensitive, specific, 

10 and reproducible to be used as a diagnostic test for NANBH. 

[0007] Until now there has been neither clarity nor agreement as to the identity or specificity of the antigen antibody 
systems associated with agents of NANBH. This is due, at least in part, to the prior or co-infection of HBV with NANBV 
in individuals, and to the known complexity of the soluble and particulate antigens associated with HBV, as well as to 
the integration of HBV DNA into the genome of liver cells. In addition, there is the possibility that NANBH is caused by 

f5 more than one Infectious agent, as well as the possibility that NANBH has been misdiagnosed. Moreover, it is unclear 
what the serological assays detect in the serum of patients with NANBH. It has been postulated that the agar-gel 
diffusion and counterimmunoelectrophoresis assays detect autoimmune responses or non-specific protein Interactions 
that sometimes occur between serum specimens, and that they do not represent specific NANBV antigen-antibody 
reactions. The immunofluorescence, and enzyme-linked immunosorbent, and radioimmunoassays appear to detect 

20 low levels of a rheumatoid-factoMike material that is frequently present In the serum of patients with NANBH as well 
as in patients with other hepatic and nonhepatic diseases. Some of the reactivity detected may represent antibody to 
host-determined cytoplasmic antigens. 

[0008] There are a number of candidate NANBV. See, for example the reviews by Prince (1983), Feinstone and 
Hoofnagle (1984), and Overby (1985, 1986, 1987) and the article by Iwarson (1987). However, there Is no proof that 

25 any of these candidates represent the etiological agent of NANBH. 

[0009] The demand for sensitive, specific methods for screening and identifying carriers of NANBV and NANBV 
contaminated blood or blood products is significant. Post-transfusion hepatitis (PTH) occurs in approximately 10% of 
transfused patients, and NANBH accounts for up to 90% of these cases. The major problem in this disease is the 
frequent progression to chronic liver damage (25-55%). 

30 [0010] Patient care as well as the prevention of transmission of NANBH by blood and blood products or by close 
personal contact require reliable diagnostic and prognostic tools to detect nucleic acids, antigens and antibodies related 
to NANBV. In addition, there Is also a need for effective vaccines and immunotherapeutlc therapeutic agents for the 
prevention and/or treatment of the disease. 

35 Disclosure of the Invention 

[0011] The Invention pertains to the isolation and characterization of a newly discovered etlologlc agent of NANBH, 
hepatitis C virus (HCV). More specifically, the invention provides a family of cDNA replicas of portions of HCV genome. 
These cDNA replicas were isolated by a technique which Included a novel step of screening expression products from 
*o cDNA libraries created from a particulate agent in infected tissue with sera from patients with NANBH to detect newly 
synthesized antigens derived from the genome of the heretofore unisolated and uncharacterlzed viral agent, and of 
selecting clones which produced products which reacted immunologically only with sera from infected individuals as 
compared to non-infected individuals. 

[0012] Studies of the nature of the genome of the HCV, utilizing probes derived from the HCV cDNA, as well as 
45 sequence information contained within the HCV cDN A, are suggestive that HCV is a Flavivirus or a Flavi-like virus. 
[0013] Portions of the cDNA sequences derived from HCV are useful as probes to diagnose the presence of virus 
in samples, and to isolate naturally occurring variants of the virus. These cDNAs also make available polypeptide 
sequences of HCV antigens encoded within the HCV genome(s) and permits the production of polypeptides which are 
useful as standards or reagents in diagnostic tests and/or as components of vaccines. Antibodies, both polyclonal and 
so monoclonal, directed against HCV epitopes contained within these polypeptide sequences are also useful for diagnostic 
tests, as therapeutic agents, for screening of antiviral agents, and for the Isolation of the NANBV agent from which 
these cDNAs derive. In addition, by utilizing probes derived from these cDNAs it is possible to isolate and sequence 
other portions of the HCV genome, thus giving rise to additional probes and polypeptides which are useful In the 
diagnosis and/or treatment, both prophylactic and therapeutic, of NANBH. 
55 [0014] Thus, the invention provides a polymerase chain reaction (PCR) kit comprising a pair of primers capable of 
priming the synthesis of cDNA In a PCR reaction, wherein each or said primers Is a polynucleotide comprising a con- 
tiguous sequence or nucleotides which is capable of selectively hybridizing to the genome of hepatitis C virus (HCV) 
or the complement thereof, wherein HCV is characterized by. 
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a positive stranded RNA genome; 

said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

s the entirety ot the said encoded polyprotein having at least 40% homology to the entire polyprotein or a viral Isolate 

from the genome or which was prepared cDNAs deposited in a lambda gt- 1 1 cDNA library with the American Type 
Culture Collection (ATCC) under accession no. 40394. 

[0015] The invention also provides a method of performing a polymerase chain reaction wherein the primers are a 
10 pair of polynucleotides as defined above In relation to PGR kits of the invention. 

[0016] The invention also provides a method for assaying a sample for the presence or absence of HCV polynucle- 
otides comprising: 

(a) contacting the sample with a probe under conditions 

is that allow the selective hybridisation of said probe to an HCV polynucleotide or the complement thereof in 

the sample, wherein said probe comprises a polynucleotide comprising a contiguous sequence of nucleotides 
which Is capable of selectively hybridising to the genome of HCV or the complement thereof, wherein HCV is 
characterised by: 

20 (|) a positive stranded RNA genome, said genome comprising an open reading frame (ORF) encoding a poly- 

protein; and 

(ii) the entirety ot the said encoded polyprotein having at least 40% homology to the entire polyprotein of a 
viral isolate from the genome of which was prepared cDNAs deposited in a lambda gt-11 CDNA, library with 
the American Type Cu\ture Collection (ATCC) under accession no. 40394; 

25 

and 

(b) determining whether polynucleotide duplexes comprising said probe are formed 

and further wherein said polynucleotide is a DNA polynucleotide and optionally comprises a detectable label. 
30 [0017] We also describe a purified HCV polynucleotide; a recombinant HCV polynucleotide; a recombinant polynu- 
cleotide comprising a sequence derived from an HCV genome or from HCV cDNA; a recombinant polynucleotide 
encoding an epitope of HCV; a recombinant vector containing any of the above recombinant polynucleotides, and a 
host cell transformed with any of these vectors. 

[0018] We also describe a recombinant expression system comprising an open reading frame (ORF) of DNA derived 
35 from an HCV genome or from HCV cDNA, wherein the ORF is operably linked to a control sequence compatible with 
a desired host, a cell transformed with the recombinant expression system, and a polypeptide produced by the trans- 
formed cell. 

[0019] It is also possible to obtain purified HCV particles, a preparation of polypeptides from the purified HCV; a 
purified HCV polypeptide; a purified polypeptide comprising an epitope which Is immunologically identifiable with an 
epitope contained in HCV. 

[0020] We also describe a recombinant HCV polypeptide; a recombinant polypeptide comprised of a sequence de- 
rived from an HCV genome or from HCV cDNA; a recombinant polypeptide comprised of an HCV epitope; and a fusion 
polypeptide Comprised of an HCV polypeptide. 

[0021] We also describe an anti-HCV antibody composition comprising antibodies that bind said antigenic determi- 
45 nant of a polypeptide according to the invention which is (a) a purified preparation of polyclonal antibodies, or (b) a 
monoclonal antibody composition. 

[0022] We also describe a particle which is immunogenic against HCV infection comprising a non-HCV polypeptide 
having an amino add sequence capable of forming a particle when said sequence is produced in a eukaryotic host, 
and an HCV epitope. The Invention also relates to a polynucleotide probe for HCV, the probe comprising a po\ynuc\e- 

so otide of the invention which further comprises a detectable label. The invention also relates to a polymerase chain 
reaction (PCR) kit comprising a pair of primers capable of priming the synthesis of cDNA in a PCR reaction where 
each of the primers is a polynucleotide according to the invention. The invention also finds application in the production 
of kits such as those for assaying a sample for the presence or absence of HCV polynucleotides by (a) contacting the 
sample with a probe comprising a polynucleotide of the invention, for example one containing about 8 or more nucle- 

55 otides, under conditions that allow the selective hybridization of said probe to an HCV polynucleotide or the compliment 
thereof in the sample; and (b) detecting any polynucleotide duplexes comprising said probe. 
[0023] We also describe a polypeptide comprised of an HCV epitope, attached to a solid substrate; and an antibody 
to an HCV epitope, attached to a solid substrate, 
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[0024] We also describe a method for producing a polypeptide containing an HCV epitope comprising incubating 
host cells transformed with an expression vector containing a sequence encoding a polypeptide containing an HCv 
epitope under conditions which allow expression of said polypeptide; and a polypeptide containing an HCV epitope 
produced by this method. 

5 [0025] The Invention also relates to a method for detecting HCV nucleic acids in a sample comprising reacting nucleic 
acids of the sample with a probe for an HCV polynucleotide under conditions which allow the formation of a polynu- 
cleotide duplex between the probe and the HCV nucleic acid from the sample; and detecting a polynucleotide duplex 
which contains the probe. 

[0026] We also describe Immunoassays. These include an immunoassay for detecting an HCV antigen comprising 

10 (a) providing an antibody composition according to the Invention; (b) Incubating a sample with the antibody composition 
under conditions that allow for the formation of an antibody-antigen complex; and (c) detecting antibody-antigen com- 
plexes comprising the anti-HCV antibodies. These also include an Immunoassay for detecting antibodies directed 
against an HCV antigen comprising (a) providing a polypeptide comprising an antigenic determinant bindable by said 
anti-HCV antibody, wherein said antigenic determinant comprises a contiguous amino acid sequence encoded by said 

is genome; (b) incubating a biological sample with said polypeptide under conditions that allow for the formation of an 
antibody-antigen complex; and (c) detecting antibody-antigen complexes comprising said polypeptide. 
[0027] We also describe vaccine compositions for treatment of HCV Infection comprising an Immunogenic peptide 
Containing an HCV epitope, or an inactivated preparation of HCV, or an attenuated preparation of HCV. 
[0028] We also describe a tissue culture grown cell infected with HCV and the invention includes a method of growing 

20 HCV by providing cells, e.g. hepatocytes or macrophages, infected with HCV and propagating such cells in vitro. 

[0029] We also describe a method for producing antibodies to HCV comprising administering to an individual an 
Isolated Immunogenic polypeptide containing an HCV epitope In an amount sufficient to roduce an immune response. 
[0030] We also describe a method for isolating cDNA derived from the genome of an unidentified infectious agent, 
comprising: (a) providing host celts transformed with expression vectors containing a cDNA library prepared from nu- 

25 clelc acids Isolated from tissue infected with the agent and growing said host cells under conditions which allow ex- 
pression of polypeptide(s) encoded in the cDNA; (b) interacting the expression products of the cDNA with an antibody 
containing body component of an individual infected with said infectious agent under conditions which allow an immu- 
noreaction and detecting antibody-antigen complexes formed as a result of the interacting; (c) growing host cells which 
express polypeptides that form antibody-antigen complexes in step (b) under conditions which allow their growth as 

30 individual clones arid isolating said clones; (d) growing cells from the clones of (c) under conditions which allow ex- 
pression of polypeptide(s) encoded within the cDNA, and interacting the expression products with antibody containing 
body components of individuals other than the individual in step (a) who are Infected with the infectious agent and with 
control individuals uninfected with the agent, and detecting antibody-antigen complexes formed as a result of the in- 
teracting; (e) growing host cells which express polypeptides that form antibody-antigen complexes with antibody con- 

35 taining body components of infected individuals and individuals suspected of being infected, and not with said com- 
ponents of control Individuals, under conditions which allow their growth as Individual clones and isolating said clones; 
and (f) Isolating the cDNA from the host cell clones of (e). 
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Brief Description of the Drawings 



[0031 ] Fig. 1 shows the double-stranded nucleotide sequence of the HCV cDNA Insert in clone 5-1-1, and the putative 
amino acid sequence of the polypeptide encoded therein. 
[0032] Fig. 2 shows the homologies of the overlapping HCV cDNA sequences in clones 5-1 -1,81,1 -2, and 91 . 
[0033] Fig. 3 shows a composite sequence of HCV cDNA derived from overlapping clones 81 , 1 -2, and 91 , and the 
45 amino acid sequence encoded therein. 

[0034] Fig. 4 shows the double-stranded nucleotide sequence of the HCV cDNA insert in clone 81 , and the putative 
amino acid sequence of the polypeptide encoded therein. 

[0035] Fig. 5 shows the HCV cDNA sequence In clone 36, the segment which overlaps the NANBV cDNA of done 
81 and the polypeptide sequence encoded within clone 36. 
so [0036] Fig. 6 shows the combined ORF of HCV cONAs in clones 36 and 81 , and the polypeptide encoded therein. 
[0037] Fig. 7 shows the HCV cDNA sequence in clone 32, the segment which overlaps clone 81 , and the polypeptide 
encoded therein. 

[0038] Fig. 8 shows the HCV cDNA sequence in clone 35, the segment which overlaps clone 36, and the polypeptide 
encoded therein. 

55 [0039] Fig. 9 shows the combined ORF of HCV cDNAs in clones 35, 36, 81 , and 32, and the polypeptide encoded 
therein. 

[0040] Fig. 1 0 shows the HCV cDNA sequence in clone 37b, the segment which overlaps clone 35, and the polypep- 
tide encoded therein. 
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[0041] Fig. 11 shows the HCVcDNA sequence in clone 33b, the segment which overlaps clone 32, and the polypep- 
tide encoded therein. 

[0042] Fig. 1 2 shows the HCV cDNA sequence in clone 40b, the segment which overlaps clone 37b, and the polypep- 
tide encoded therein. 

5 [0043] Fig. 1 3 shows the HCV cDNA sequence in clone 25c, the segment which overlaps clone 33b, and the polypep- 
tide encoded therein. 

[0044] Fig. 14 shows the nucleotide sequence and polypeptide encoded therein of the ORF which extends through 
the HCV cDNAs in clones 40b, 37b, 35, 36, 81 , 32, 33b, and 25c. 

[0045] Fig. 15 shows the HCV cDNA sequence in clone 33c, the segment which overlaps clones 40b and 33c, and 
10 the amino acids encoded therein. 

[0046] Fig. 1 6 shows the HCV cDN A sequence in clone 8h, the segment which overlaps clone 33c, and the amino 

acids encoded therein. 

[0047] Fig. 1 7 shows the HCV cDNA sequence in clone 7e, the segment which overlaps clone 8h, and the amino 
acids encoded therein. 

15 [0048] Fig. 1 8 shows the HCV cDNA sequence in clone 1 4c, the segment which overlaps clone 25c, and the amino 
acids encoded therein. 

[0049] Fig. 19 shows the HCV cDNA sequence in clone 8f, the segment which overlaps clone 14c, and the amino 
acids encoded therein. 

[0050] Fig. 20 shows the HCV cDNA sequence in clone 33f , the segment which overlaps clone 8f, and the amino 
20 acids encoded therein. 

[0051] Fig. 21 shows the HCV cDNA sequence in clone 33g, the segment which overlaps clone 33f , and the ammo 
acids encoded therein. 

[0052] Fig. 22 shows the HCV cDNA sequence in clone 7f : the segment which overlaps the sequence in done 7e, 
and the amino acids encoded therein. 
25 [0053] Fig. 23 shows the HCV cDNA sequence in clone 1 1 b, the segment which overlaps the sequence in clone 7t, 
and the amino acids encoded therein. 

[0054] Fig. 24 shows the HCV cDNA sequence In clone 141, the segment which overlaps the sequence In clone 11b, 
and the amino acids encoded therein. 

[0055] Fig. 25 shows the HCV cDNA sequence in clone 39c, the segment which overlaps the sequence in clone 33g, 
30 and the amino acids encoded therein . 

[0056] Fig. 26 shows a composite HCV cDNA sequence derived from the aligned cDNAs in clones 14i, 11 b, 7f, 7e, 
8h, 33c 40b 37b 35 36, 81 , 32, 33b, 25c, 14c, 8f, 33f, 33g and 39c also shown is the amino acid sequence of the 
polypeptide encoded in the extended ORF in the derived sequence. 

[0057] Fig. 27 shows the sequence of the HCV cDNA in clone 1 2f , the segment which overlaps clone 1 41, and the 
35 amino acids encoded therein. 

[0058] Fig. 28 shows the sequence of the HCV cDNA In clone 35f, the segment which overlaps done 39c, and the 
amino acids encoded therein. 

[0059] Fig. 29 shows the sequence of the HCV cDNA in clone 1 9g t the segment which overlaps clone 35f, and the 
amino acids encoded therein. 

40 [0060] Fig. 30 shows the sequence of clone 26g, the segment which overlaps clone 1 9g, and the ammo acids encoded 
therein. 

[0061 ] Fig . 31 shows the sequence of clone 1 5e, the segment which overlaps clone 26g, and the amino acids encoded 

therein. _ , 

[0062] Fig. 32 shows the sequence in a composite cDNA, which was derived by aligning clones 12f through 15e in 
45 the 5' to 3' direction; it also shows the amino acids encoded in the continuous ORF. 

[0063] Fig. 33 shows a photograph of Western blots of a fusion protein, SOD-NANB^..,, with chimpanzee serum 
from chimpanzees infected with BB-NANB, HAV, and HBV. 

[0064] Fig. 34 shows a photograph of Western blots of a fusion protein, SOD-NANBg.^, with serum from humans 
Infected with NANBV, HAV, HBV, and from control humans. 
so [0065] Fig. 35 is a map showing the significant features of the vector pAB24. 

[0066] Fig. 36 shows the putative amino acid sequence of the carboxy-termlnus of the fusion polypeptide C1 00-3 
and the nucleotide sequence encoding it. 

[0067] Fig. 37A Is a photograph of a coomassie blue stained polyacrylamide gel which Identifies C1 00-3 expressed 
in yeast 

55 [0068] Fig. 37B shows a Western blot of C1 00-3 with serum from a NANBV infected human. 

[0069] Fig. 38 shows an autoradiograph of a Northern blot of RNA Isolated from the liver of a BB-NANBV Infected 
chimpanzee, probed with BB-NANBV cDNA of clone 81 . 

[0070] Fig. 39 shows an autoradiograph of NANBV nucleic acid treated with RNase A or DNase I, and probed with 
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BB-NANBV cDNA of clone 81 . 

[0071] Fig. 40 shows an autoradiograph of nucleic acids extracted from NANBV particles captured from infected 
plasma with anti-NANB^.,, and probed with 32p-labeled NANBV cDNA from clone 81. 

[0072] Fig. 41a and b shows autoradiographs of filters containing isolated NANBV nucleic acids, probed with 32 P- 
5 labeled plus and minus strand DNA probes derived from NANBV cDNA In clone 81 . 

[0073] Fig. 41 -1 shows the homologies between a polypeptide encoded in HC V cDNA and an NS protein from Dengue 
flavivirus. 

[0074] Fig. 43 shows a histogram of the distribution of HCV infection In random samples, as determined by an ELISA 
screening, 

10 [0075] Fig. 44 shows a histogram of the distribution of HCV infection in random samples using two configurations of 
immunoglobulin-enzyme conjugate in an ELISA assay 

[0076] Fig. 45 shows the sequences in a primer mix, derived from a conserved sequence in NS1 of flavivlruses. 
[0077] Fig. 46 shows the HCV cDNA sequence In clone k9-1 , the segment which overlaps the cDNA In Fig. 27, and 
the amino acids encoded therein. 
15 [0078] Fig. 47 shows the sequence in a composite CDNA which was derived by aligning clones k9-1 through 1 5e in 
the 5" to 3' direction; it also shows the amino acids encoded in the continuous ORF. 



1 . Definitions 

20 [0079] The term "hepatitis C virus" has been reserved by workers in the field for an heretofore unknown etlologlc 
agent of NANBH. Accordingly, as used herein, "hepatitis C virus" (HCV) refers to an agent causitive of NANBH, which 
agent is a virus characterised by 

a positive stranded RNA genome; 

25 

said genome comprising an open reading frame (ORF) encoding a polyproten; and 

the entirety of the said encoded polyprotein having at least 40% homology to the entire polyprotein of a viral isolate 
from the genome of which was prepared cDNAs deposited in a lambda gt-1 1 CDNA library with the American Type 
30 Culture Collection (A-TCC) under accession no. 40394. 

[0080] This agent was formerly referred to as NANBV and/or BB-NANBV. The terms HCV, NANBV, and BB-NANBV 
are used interchangeably herein, but all refer to the virus as defined above. As an extension of this terminology, the 
disease caused by HCV, formerly Called NANB hepatitis (NANBH), is called hepatitis C. The terms NANBH and hepatitis 

35 C may be used interchangeably herein. 

[0081] The term "HCV", as used herein, denotes a viral species which causes NANBH, and attenuated strains or 
defective Interfering particles derived therefrom. As shown infra., the HCV genome is comprised of RNA. It is known 
that RNA containing viruses have relatively high rates of spontaneous mutation, i.e., reportedly on the order of 1 Cr 3 to 
10* 4 per nucleotide (Fields & Knlpe (1986)). Therefore, there are multiple strains within the HCV species described 

40 infra. The compositions and methods described herein, enable the propagation, identification, detection, and isolation 
of the various related strains. Moreover, they also allow the preparation of diagnostics and vaccines for the various 
strains, and have utility in screen ing procedures for anti-viral agents for pharmacologic use in that they inhibit replication 
of HCV. 

[0082] The information provided herein, although derived from one strain of HCV, hereinafter referred to as CDC/ 
45 HCV1 , is sufficient to allow a viral taxonomist to identify other strains which fall within the species. As described herein, 
we have discovered that HCV is a Flavivirus or Flavi-like virus. The morphology and composition of Flavivirus particles 
are known, and are discussed in Brinton (1986). Generally, with respect to morphology, Flaviviruses contain a central 
nucleocapsid surrounded by a lipid bllayer. Virions are spherical and have a diameter of about 40-50 nm. Their cores 
are about 25-30 nm In diameter. Along the outer surface of the virion envelope are projections that are about 5-10 nm 
so long with terminal knobs about 2 nm in diameter. 

[0083] HCV encodes an epitope which is immunologically identifiable with an epitope in the HCV genome from which 
the cDNAs described herein are derived; preferably the epitope is encoded in a cDNA described herein. The epitope 
Is unique to HCV when compared to other known Flaviviruses. The uniqueness of the epitope may be determined by 
its immunological reactivity with HCV and lack of immunological reactivity with other Flavivirus species. Methods for 
55 determining immunological reactivity are known in the art, for example, by radioimmunoassay, by Elisa assay, by he- 
magglutination, and several examples of suitable techniques for assays are provided herein. 
[0084] In addition to the above, the following parameters are applicable, either alone or in combination, in identifying 
a strain as HCV. Since HCV strains are evolutionarily related, it is expected that the overall homology of the genomes 
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rylatlons and the like. . 
[0107] Transformation", as used herein, refers to the insertion of an exogenous polynucleotide into a host cell, 
irrespective of the method used for the insertion, for example, direct uptake, transduction, or f-mating. The exogenous 
polynucleotide may be maintained as a non-integrated vector, for example, a plasmid, or alternatively, may be integrated 
5 Into the host genome. 

[0108] Treatment" as used herein refers to prophylaxis and/or therapy. 

[0109] An "individual", as used herein, refers to vertebrates, particularly members of the mammalian species, and 
includes but is not limited to domestic animals, sports animals, primates, and humans. 

[01 10] As used herein, the "plus strand" of a nucleic acid contains the sequence that encodes the polypeptide. The 
10 "minus strand" contains a sequence which Is complementary to that of the "plus strand". 

[0111] As used herein, a "positive stranded genome" of a virus is one in which the genome, whether RNA or DNA, 
Is single-stranded and which encodes a viral polypeptlde(s). Examples of positive stranded RNA viruses Include To- 
gaviridae, Coronavlrldae, Retrovirldae, Plcomavlrldae, and Callcivlrldae. Included also, are the Flaviviridae, which were 
formerly classified as Togaviradae. See Fields & Knipe (1986). 
is [01 12] As used herein, "antibody containing body component" refers to a component of an individual s body which 
is a source of the antibodies of interest. Antibody containing body components are known in the art, and include but 
are not limited to, for example, plasma, serum, spinal fluid, lymph fluid, the external sections of the respiratory, Intestinal, 
and genitourinary tracts, tears, saliva, milk, white blood cells, and myelomas. 

[0113] As used herein, "purified HCV" refers to a preparation of HCV which has been isolated from the cellular 
20 constituents with which the virus is normally associated, and from other types of viruses which may be present In the 
infected tissue. The techniques for isolating viruses are known to those of skill in the art, and include, for example, 
centrifugation and affinity chromatography; a method of preparing purified HCV Is discussed Infra. 



II. Description 



[0114] The practice of the present invention will employ, unless otherwise indicated, conventional techniques of 
molecular biology, microbiology, recombinant DNA, and immunology, which are within the skill of the art. Such tech- 
niques are explained fully in the literature. See e.g., Maniatis, Fitsch & Sambrook, MOLECULAR CLONING; A LAB- 
ORATORY MANUAL (1982); DNA CLONING, VOLUMES I AND ll (D,N Glover ed. 1985); OLIGONUCLEOTIDE SYN- 
30 THESIS (M J Gait ed, 1984); NUCLEIC ACID HYBRIDIZATION (B.D. Hames & SJ. Higgins eds. 1984); 

TRANSCRIPTION AND TRANSLATION (B.D. Hames & S.J. Higgins eds. 1984); ANIMAL CELL CULTURE (R.I. Fresh- 

IMMOBIlSeD CELLS AND ENZYMES (IRL Press, 1986); B. Perbal, A PRACTICAL GUIDE TO MOLECULAR CLON- 
ING (1984); 

35 the series; METHODS IN ENZYMOLOGY (Academic Press, Inc.); 

GENE TRANSFER VECTORS FOR MAMMALIAN CELLS (J.H. Miller and M.P. Calos eds. 1987, Cold Spring Harbor 
Laboratory) Methods In Enzymology Vol. 154 and Vol. 155 (Wu and Grossman; and Wu, eds., respectively), Mayer 
and Walker' eds (1987) IMMUNOCHEMICAL METHODS IN CELL AND MOLECULAR BIOLOGY (Academic Press, 
London) Scopes (1987), PROTEIN PURIFICATION: PRINCIPLES AND PRACTICE, Second Edition (Springer-Ve- 

40 nag, N.Y.). and HANDBOOK OF EXPERIMENTAL IMMUNOLOGY, VOLUMES I-IV (D.M. Weir and C. C. Blackwell 

eds 1986). . . f . . . 

[0115] All patents, patent applications, and publications mentioned herein, both supra and infra, are hereby incor- 
porated herein by reference. 

[01 16] The useful materials and processes of the present Invention are made possible by the provision of a family 
45 of closely homologous nucleotide sequences isolated from acDNA library derived from nucleic acid sequences present 
In the plasma of an HCV Infected chimpanzee. This family of nucleotide sequences Is not of human or chimpanzee 
origin since it hybridizes to neither human nor chimpanzee genomic DNA from uninfected individuals, since nucleotides 
of this family of sequences are present only in liver and plasma of chimpanzees with HCV infection, and since the 
sequence is not present in Genebank. In addition, the family of sequences shows no significant homology to sequences 
so contained within the HBV genome. 

[01 1 7] The sequence of one member of the family, contained within clone 5-1 -1 , has one continuous open reading 
frame (ORF) which encodes a polypeptide of approximately 50 amino acids. Sera from HCV infected humans contain 
antibodies which bind to this polypeptide, whereas sera from non-Infected humans do not contain antibodies to this 
polypeptide Finally, whereas the sera from uninfected chimpanzees do not contain antibodies to this polypeptide, the 
55 antibodies are induced in chimpanzees following acute NANBH infection. Moreover, antibodies to this polypeptide are 
not detected in chimps and humans infected with HAV and HBV. By these criteria the sequence is a cDNA to a viral 
sequence wherein the virus causes or is associated with NANBH; this cDNA sequence is shown in Fig. 1 . As discussed 
infra the cDNA sequence In clone 5-1 -1 differs from that of the other Isolated cDNAs In that It contains 28 extra base 
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?01 1 81 A composite of other identified members of the cDNA family, which were isolated using as a probe a synthetic 
sequence equivalent to a fragment of the cDNAInclone 5-1-1. Is shown In Rg.3. AmemberofthecDNAtamirywhlch 
was isolated using a synthetic sequence derived from the cDNA in clone 81 is shown in F,g. 5. and the composite of 
5 this sequence with that of clone 81 Is shown In Fig. 6. Other members of the cDNA family, including those present in 
clones12f 141 11b 7f, 7e, 8h, 33c, 40b, 37b, 35, 36, 81, 32. 33b, 25c, 14c, 8f, 33f. 33g, 39c, 35f, 19g, 26g and 15e 
are described in Section IV.A. A composite of the cDNAs in these clones is described in Section IV.A. 1 9 and shown 
in Fla 32 The composite cDNA shows that ft contains one continuous ORF, and thus encodes a polyproteln. This data 
is consistent with the suggestion, discussed infra., that HCV is a flavivirus or f lavi-like virus. Clone K9-1 overlaps the 
10 seauence of Fig. 32. A composite cDNA is shown in Fig. 47. 

101191 The availability of this family of cDNAs shown in Figs. 1-47, inclusive, permits the construction of DNAprobes 
and pihypeptldes useful In diagnosing NANBH due to HCV Infection and In screening blood donors as well as donated 
blood a^d blood products for infection. For example, from the sequences it Is possible to synthesize DNA oligomers 
of about 8-1 0 nudeotides, or larger, which are useful as hybridization probes to detect the presence of the viral genome 
in forexample, sera of subject suspected of harboring the virus, or for screening donated blood forthe presence of 
he v rus The family of cDNA sequences also allows the design and production of HCV spec, ,c polypeptides which 
are useful as diagnostic reagents forthe presence of antibodies raised during NANBH. Antibodies to purified pc^pep- 
tides derived from the cDNAs may also be used to detect viral antigens in infected .nd.viduate and in blood. 
101 201 Knowledge of these cDNA sequences also enable the design and production of polypeptides which may be 
used is vaccines against HCV and aiso for the production of antibodies, which in turn may be used for protection 
aaainst the disease and/or for therapy of HCV infected individuals. 

Lbes derived from these sequences may be used to screen cDNA libraries for additional overlapping cDNAsequenc- 
er^lchTn turn, may be U L to obtain more overlapping sequences. Unless the genome Is segmented and the 
segments lack common sequences, this technique may be used to gain the sequence of the -"tire genome. However 
ff me genome is segmented, other segments of the genome can be obtained by repeafng the lambda-gtl 1 serological 
scmening procure used to isolate the cDNA clones described herein, or alternative* by isolating the genome from 

raS d ^e fa a S 6 o S f CDNA sequences and the polypeptides derived from these sequences, as well as antibodies 
so di Sed SnSse polypeptides are also usefui in the isolation and identification of the BB-NANBV agent(s). For 
Sot S bo ^ es directed against HCV epitopes contained in polypeptides derived from the cDNAs may be used 
fn presses ba sed upon afflnfty chromatography to isolate the virus. Alternatively, the antibodies may be used to 
IdenS viml particles isolated by othertechniques. The viral antigens and the genomic material wrth.n the isolated viral 

35 

zation of the HCV antigens and characterization of the genome enables the design and synthesis of addhlona I probes 
and polypeptides and antibodies which may be used for diagnosis, for prevention, and for therapy of HCV Induced 
NANBH and for screening for infected blood and blood-related products. 

S] The inability of probes for HCV. Including antigens and antibodies, and polynucieotides derived from the 
qenome from which the family of cDNAs is derived also allows for the development of tissue culture systems which 
wTbT oi ZioTuse in elucidating the biology of HCV. This in turn, may iead to the development of new treatment 
regimens based upon antiviral compounds which preferentially inhibit the replication of. or infection by HCV. 
wS The method used to identify and .solate the etiologic agent for NANBH is novel, and ,t may be applicable to 
the Identification and/or isolation of heretofore uncharacterlzed agents which contain a genome, and which are asso- 
ciated wrth a variety of diseases, including those induced by viruses, viroids, bactena, fung, and P«-£j? £ 
method, a cDNA library was created from the nucleic acids present in infected tissue from an infected ind* dua The 
Ibrary was created in a vector which allowed the expression of polypeptides encoded in the cDNA. Clones of host cells 
conSthe vector, which expressed an Immunologically reacts fragment of a polypeptide of the etiologic agent^ 
were seized by Immunological screening of the expression products of the library with an antibody contain ng body 
Tompone^from another individual previously infected wrth the putative agent. The steps in ^^tZZo 
ina technique Included interacting the expression products of the cDNA containing vectors with the antibody containing 
LoTcomponent of a second infected individual, and detecting the formation of antibody-antigen complexes i between 
me expmssion product(s) and antibodies of the second infected individual. Tne isolated clones are «*™«^ 
immunologically by interacting their expression products with the antibody containing body components oi ^other ,nd, 
ITduate infected with the putative agent and with control individuals uninfected with the putatnre agent, and detecting 
me fo^aS otCgen-anttoody complexes with antibodies horn the infected individuals; and me cDNA containing 
vitoTwhich encode polypeptides which react immunologically wrth antibodies from infected indwiduals and .ndmd- 
uS sussed o5 be!ng In7e*ed with the agent, but not with control Individuals are isolated. The infected Individuals 
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used for the construction of the cDNA library, and for the immunological screening need not be of the same species. 
[01 28] The cDNAs isolated as a result of this method, and their expression products, and antibodies directed against 
the expression products, are useful in characterizing and/or capturing the etiologic agent. As described in more detail 
infra, this method has been used successfully to isolate a family of cDNAs derived from the HCV genome. 

5 

II A, Preparation of the cDNA Sequence 

[01271 Pooled serum from a chimpanzee with chronic HCV infection and containing a high titer of the virus, i.e., at 
least 1 0 6 chimp infectious doses/ml (CID/ml) was used to isolate viral particles; nucleic acids isolated from these par- 

io tides was used as the template in the construction of a cDNA library to the viral genome. The procedures for Isolation 
of putative HCV particles and for constructing the cDNA library in Iambda-gt1 1 is discussed in Section I V.A. 1 . Lambda- 
gt11 Is a vector that has been developed specifically to express Inserted cDNAs as fusion polypeptides with beta- 
galactosldase and to screen large numbers of recombinant phage with specific antisera raised against a defined an- 
tigen. The Iambda-gt11 cDNA library generated from a cDNA pool containing cDNA of approximate mean size of 200 

*5 base pairs was screened for encoded epitopes that could bind specifically with sera derived from patients who had 
previously experienced NANB hepatitis. Huynh, T.V. et al. (1985). Approximately 10 6 phages were screened, and five 
positive phages were Identified, purified, and then tested Tor specificity of binding to sera from different humans and 
chimpanzees previously infected with the HCV agent. One of the phages, 5-1-1 , bound 5 of the 8 human sera tested. 
This binding appeared selective for sera derived from patients with prior NANB hepatitis infections since 7 normal blood 

20 donor sera did not exhibit such binding. 

[01 28] The sequence of the cDNA in recombinant phage 5-1 -1 was determined, and is shown in Fig. 1 . The polypep- 
tide encoded by this cloned cDNA, which is In the same translational frame as the N-terminal beta-Galactosidase 
moiety of the fusion polypeptide is shown above the nucleotide sequence. This translational ORF, therefore, encodes 
an epitope(s) specifically recognized by sera from patients with NANB hepatitis infections. 

25 [0129] The availability of the cDNA in recombinant phage 5-1 -1 has allowed for the isolation of other clones containing 
additional segments and/or alternative segments of cDN A to theviral genome. The Iambda-gt11 cDNA library described 
supra, was screened using a synthetic polynucleotide derived from the sequence of the cloned 5-1-1 cDNA. This 
screening yielded three other clones, which were identified as 81 , 1 -2 and 91 ; the cDN As contained within these clones 
were sequenced. See Sections IV.A.3. and IV.A.4. The homologies between the four independent clones are shown 

30 jn Fig. 2, where the homologies are indicated by the vertical lines. Sequences of nucleotides present uniquely in clones 
5-1-1, 81, and 91 are indicated by small letters. 

[0130] The cloned cDNAs present in recombinant phages in clones 5-1-1, 81, 1-2, and 91 are highly homologous, 
and differ in only two regions. First, nucleotide number 67 in clone 1-2 is a thymidine, whereas the other three clones 
contain a cytldine residue In this position. This substitution, however, does not alter the nature of the encoded amino 
35 acid. 

[0131] The second difference between the clones is that clone 5-1-1 contains 28 base pairs at its B'-termlnus which 
are not present In the other clones. The extra sequence may be a S'-terminal cloning artifact; S'-termlnal cloning artifacts 
are commonly observed in the products of cDNA methods. 

[0132] Synthetic sequences derived from the 5'-region and the 3*-region of the HCV cDNA In clone 81 were used 
40 -to screen and isolate cDNAs from the [ambda-gt11 NANBV cDNA library, which overlapped clone 81 cDNA (Section 
IV.A.5.). The sequences of the resulting cDNAs, which are in clone 36 and clone 32, respectively, are shown in Fig. 5 
and Fig. 7. 

[01 33] Similarly, a synthetic polynucleotide based on the 5'-region of clone 36 was used to screen and isolate cDNAs 
from the lambda gt-11 NANBV cDNA library which overlapped clone 36 cDNA (Section IV.A.8.). A purified clone of 
45 recombinant phage-containing cDNA which hybridized to the synthetic polynucleotide probe was named clone 35 and 
the NANBV cDNA sequence contained within this clone is shown In Fig. 8. 

[0134] By utilizing the technique of isolating overlapping cDNA sequences, clones containing additional upstream 
and downstream HCV cDNA sequences have been obtained. The isolation of these clones, is described infra in Section 
IV.A. 

50 [0135] Analysis of the nucleotide sequences of the HCV cDNAs encoded within the isolated clones show that the 
composite cDNA contains one long continuous ORF. Fig. 26 shows the sequence of the composite cDNA from these 
clones, along with the putative HCV polypeptide encoded therein. 

[0136] The description of the method to retrieve the cDNA sequences is mostly of historical Interest. The resultant 
sequences (and their complements) are provided herein, and the sequences, or any portion thereof, could be prepared 
55 using synthetic methods, or by a combination of synthetic methods with retrieval of partial sequences using methods 
similar to those described herein. 

[01 37] Lambda-gt1 1 strains replicated from the HCV cDNA library and from clones 5-1 -1 , 81 , 1 -2 and 91 have been 
deposited under the terms of the Budapest Treaty with the American Type Culture Collection (ATCC), 1 2301 Parklawn 
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Dr., Rockvllle, Maryland 20852, and have been assigned the following Accession Numbers. 



5 



Iambda-gt1 1 


ATCC No. 


Deposit Date 


HCV cDNA library 


40394 


1 Dec. 1987 


clone 81 


40388 


17 Nov. 1987 


clone 91 


40389 


17 Nov. 1987 


clone 1-2 


40390 


17 Nov. 1987 


clone 5-1-1 


40391 


18 Nov. 1987 



10 ' 

[0138] The designated deposits will be maintained for a period of thirty (30) years from the date of deposit, or for 
five (5) years after the last request for the deposit; or for the enforceable life of the U.S. patent, whichever is longer. 
These deposits and other deposited materials mentioned herein are intended for convenience only, and are not required 
to practice the present invention In view of the description here. The HCV cDNA sequences in all of the deposited 
15 materials are incorporated herein by reference. 

[0139] The description above, of 'walking" the genome by isolating overlapping cDNA sequences from the HCV 
lambda gt-11 library provides one method by which cDNAs corresponding to the entire HCV genome may be isolated. 
However, given the information provided herein, other methods for isolating these cDNAs are obvious to one of skill 
In the art. Some of these methods are described in Section IVA, infra. 

20 

II.B. Preparation of Viral Polypeptides and Fragments 

[0140] The availability of cDNA sequences, either those isolated by utilizing the cDNA sequences in Figs. 1 -32, as 
discussed infra, as well as the cDNA sequences in these figures, permits the construction of expression vectors en- 

25 coding antigenically active regions of the polypeptide encoded in either strand. These antigenically active regions may 
be derived from coat or envelope antigens or from core antigens, Including, for example, polynucleotide binding pro- 
teins, polynucleotide polymerase(s), and other viral proteins required for the replication and/or assembly of the virus 
particle. Fragments encoding the desired polypeptides are derived from the cDN A clones using conventional restriction 
digestion or by synthetic methods, and are ligated into vectors which may, for example, contain portions of fusion 

30 sequences such as beta-Gal actosidase or superoxide dismutase (SOD), preferably SOD. Methods and vectors which 
are useful forthe production of polypeptides which contain fusion sequences of SOD are described in European Patent 
Office Publication number 0196056, published October 1, 1986. Vectors encoding fusion polypeptides of SOD and 
HCV polypeptides, i.e. , NANB 5 . 1 . 1 , NAN 81 , and C1 00-3, which is encoded in a composite of HCV cDNAs, are described 
in Sections IV.B. 1 , IV.8,2, and IV.B.4, respectively. Any desired portion of the HCV cDNA containing an open reading 

35 frame, in either sense strand, can be obtained as a recombinant polypeptide, such as a mature or fusion protein; 
alternatively, a polypeptide encoded in the cDNA can be provided by chemical synthesis. 

[0141] The DNA encoding the desired polypeptide, whether in fused or mature form, and whether or not containing 
a signal sequence to permit secretion, may be ligated Into expression vectors suitable for any convenient host. Both 
eukaryotic and prokaryotic host systems are presently used in forming recombinant polypeptides, and a summary of 

40 some of the more common control systems and host cell lines is given in Section III. A., infra. The polypeptide is then 
Isolated from lysed cells or from the culture medium and purified to the extent needed for its Intended use. Purification 
may be by techniques known in the art, for example, salt fractionation, chromatography on ion exchange resins, affinity 
chromatography, centrifugation, and the like. See, for example, Methods In Enzymology for a variety of methods for 
purifying proteins. Such polypeptides can be used as diagnostics, or those which give rise to neutralizing antibodies 

45 may be formulated Into vaccines. Antibodies raised against these polypeptides can also be used as diagnostics, or for 
passive Immunotherapy. In addition, as discussed In Section ll.J. herein below, antibodies to these polypeptides are 
useful for isolating and identifying HCV particles. 

[0142] The HCV antigens may also be Isolated from HCV virions. The virions may be grown in HCV Infected cells 
in tissue culture, or in an infected host. 

so 

II.C. Preparation of Antigenic Polypeptides and Conjugation with Carrier 

[0143] An antigenic region of a polypeptide Is generally relatively small-typically 8 to 10 amino acids or less in length. 
Fragments of as few as 5 amino acids may characterize an antigenic region. These segments may correspond to 
55 regions of HCV antigen. Accordingly, using the cDNAs of HCV as a basis, DNAs encoding short segments of HCV 
polypeptides can be expressed recombinantly either as fusion proteins, or as isolated polypeptides. In addition, short 
amino acid sequences can be conveniently obtained by chemical synthesis. In Instances wherein the synthesized 
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polypeptide Is correctly configured so as to provide the correct epitope, but Is too small to be Immunogenic, the potypep- 
tide may be linked to a suitable carrier. 

r0144] A number ot techniques lor obtaining such linkage are known in the art, including the formation of disulfide 
inkages using N-succinimidyl-3-(2-pyridylthio)propionate (SPDP) and succinimidyl 4-(N-maleimidomethyl)cyclohex- 
ane-1-carboxylate (SMCC) obtained from Pierce Company, Rockford, Illinois, (if the peptide lacks a sulfhydryl group, 
this can be provided by addition of a cysteine residue.) These reagents create a disulfide linkage between themselves 
and peptide cysteine residues on one protein and an amide linkage through the epsilonamino on a lysine, or other free 
amino qroup in the other. A variety of such disulfide/amlde-formlng agents are known . See, for example, Immun. Rev. 
f 1 982) 6*185 Other Afunctional coupling agents form athioether rather than a disulfide linkage. Many of these thio- 
ether-formlng agents are commercially available and include reactive esters of 6-maleimidocaproic acid, 2-bromoacetlc 
acid 2-iodoacetic acid, 4-(N-maleimidomethyl)cyclohexane-1-carboxylic acid, and the like. The carboxyl groups can 
be activated by combining them with succinimide or 1 -hydroxyl-2-nitro-4-sulfonic acid, sodium salt. The foregoing list 
is not meant to be exhaustive, and modifications of the named compounds can clearly be used 
101451 Any carrier may be used which does not itself induce the production of antibodies harmful to the host. Suitable 
carriers are typical* large, slowly metabolized macromolecules such as proteins; polysaccharides, such as latex func 
tionalized sepharose, agarose, cellulose, cellulose beads and the like; polymeric amino acids, such as polyg utarrwc 
acid polylysine, and the like; amino acid copolymers; and Inactive virus particles, see, for example, sec ion 11.0. Es- 
pecially useful protein substrates are serum albumins, keyhole limpet hemocyanin, immunoglobulin molecules, thy- 
roglobulin, ovalbumin, tetanus toxoid, and other proteins well known to those skilled in the art. 

H O Preparation of Hybrid Particle Immunogens Containing HCV Epitopes 

roi 46] The immunogenic of the epitopes of HCV may also be enhanced by preparing them in mammalian or yeast 
systems fused with or assembled with particle-forming proteins such as, tor example, that associated with hepatitis 8 
25 surface antigen. Constructs wherein the NANBV epitope is linked directly to the particle-forming protein coding se- 
quences produce hybrids which are immunogenic with respect to the HCV epitope. In addition, all of the vectors pre- 
pared include epitopes specific to HBV, having various degrees of Immunogenic^, such as, for example, the pre-S 
peptide. Thus, particles constructed from particle forming protein which include HCV sequences are immunogenic with 

[01 47? 1 HeSfe surt ace antigen (HBSAg) has been shown to be formed and assembled into . particles in S i.cerevisiae 
Valenzuela et al. (1 982)). as well as in, for example, mammalian cells (Valenzuela, P., et al. (1 984)) . The formation of 
such particles has been shown to enhance the immunogenic^ of the monomer subunit. The constructs may also 
include the immunodominant epitope of HBSAg, comprising the 55 amino acids of the presurface (P^S ;eg™. 
Neurath et al. (1984). Constructs of the pre-S-HBSAg particle expressible In yeast are disclosed In EPO 174,444^ 
published March 19, 1986; hybrids including heterologous viral sequences foryeast expression are disclosed in EPO 
175 261 published March 26, 1966. Both applications are assigned to the herein assignee, and are incorporated herein 
by reference. These constructs may also be expressed in mammalian cells such as Chinese hamster ovary (CHO) 
cells usinq an SV40-dihydrofolate reductase vector (Michelle et al. (1 984)). 

[01 481 in addrtlon, portions of the particle-forming protein coding sequence may be replaced with codons encoding 
40 an HCV epitope. In this replacement, regions which are not required to mediate the aggregate o the units to form 
immunogenic particles in yeast or mammals can be deleted, thus eliminating additional HBV antigenic sites from com- 
petition with the HCV epitope. 

II.E. Preparation of Vaccines 

roi491 Vaccines may be prepared from one or more immunogenic polypeptides derived from HCV cDNA as well as 
from the cDNA sequences in the Figs. 1-32, orfrom the HCV genome to which they correspond. The observed homology 
between HCV and Flavivlnjses provides Information concerning the polypeptides which are likely to be most effective 
as vaccines, as well as the regions of the genome in which they are encoded. The general structure of the Ravivirus 

so genome is discussed in Rice et al (1 986). The flavivirus genomic RNA is believed to be the only v.rus-specrfic mRNA 
spiles and I, ,s translated Into the fhree viral structural proteins, I.e., C, M, and E, as well as two large nonstructural 
oroteins NV4 and NV5, and a complex set of smaller nonstructural proteins. It is known that major neutralizing epitopes 
fTRrviviruses reside in the E (envelope) protein (Roehrlg (1986)). The corresponding HCV E gene and polypeptide 
encodinq region can be predicted, based upon the homology to Flavfviruses. Thus, vacc.nes may be comprised of 

55 recombinant polypeptides containing epitopes of HCV E. These polypeptides may be expressed in bactena, yeast, or 
mammalian cells, or alternatively may be Isolated from viral preparations. It Is also anticipated that the other structural 
proteins may also contain epitopes which give rise to protective anti-HCV antibodies. Thus, polypept.des containing 
the epitopes of E, C, and M may also be used, whether singly or in combination, in HCV vaccines. 
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[0150] In addition to the above, It has been shown that Immunization with NS1 (nonstructural protein 1), resufts In 
protection against yellow fever (Schlesinger et al (1 986)). This is true even though the immunization does not give rise 
to neutralizing antibodies. Thus, particularly since this protein appears to be highly conserved among Raviviruses, It 
is likely that HCV NS1 will also be protective against HCV infection. Moreover, it also shows that nonstructural proteins 

5 may provide protection against viral pathogenicity, even If they do not cause the production of neutralizing antibodies. 
[0151] In view of the above, multivalent vaccines against HCV may be comprised of one or more structural proteins, 
and/or one or more nonstructural proteins. These vaccines may be comprised of, for example, recombinant HCV 
polypeptides and/or polypeptides isolated from the virions. In addition, it may be possible to use inactivated HCV in 
vaccines; inactivation may be by the preparation of viral lysates, or by other means known in the art to cause inactivation 

10 of Flavlviruses, for example, treatment with organic solvents or detergents, or treatment with formalin. Moreover, vac- 
cines may also be prepared from attenuated HCV strains. The preparation of attenuated HCV strains is described infra. 
[0152] It is known that some of the proteins in Flavlviruses contain highly conserved regions, thus, some immuno- 
logical cross-reactivity is expected between HCV and other Flavlviruses. It is possible that shared epitopes between 
the Flaviviruses and HCV will give rise to protective antibodies against one or more of the disorders caused by these 

is pathogenic agents. Thus, it may be possible to design multipurpose vaccines based upon this knowledge. 

[0153] The preparation of vaccines which contain an immunogenic polypeptide^) as active ingredients, is known to 
one skilled in the art. Typically, such vaccines are prepared as injectables, either as liquid solutions or suspensions; 
solid forms suitable for solution in, or suspension in, liquid prior to injection may also be prepared. The preparation 
may also be emulsified, or the protein encapsulated in liposomes. The active immunogenic ingredients are often mixed 

so with exciplents which are pharmaceutical^ acceptable and compatible with the active ingredient. Suitable excipients 
are, for example, water, saline, dextrose, glycerol, ethanol, orthe like and combinations thereof. In addition, if desired, 
the vaccine may contain minor amounts of auxiliary substances such as wetting or emulsifying agents, pH buffering 
agents, and/or adjuvants which enhance the effectiveness of the vaccine. Examples of adjuvants which may be effective 
Include but are not limited to: aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl- 

25 normuramyl-L-alanyl-D-isoglutamine (CGP 11 637, referred to as nor-MDP), N-acetylmuramyl-L-alanyl-D-isoglut ami- 
nyl-L-alanine-2-(1 , -2 , -dipalmitoyl-sng!ycero-3-hydroxyphosphoryloxy)-ethylamine (CGP 19835A, referred to as MTP- 
PE), and R1BI, which contains three components extracted from bacteria, monophosphory) lipid A, trehalose dimycolate 
and cell wall skeleton (MPL+TDM+CWS) in a 2% squaleneAween 80 emulsion. The effectiveness of an adjuvant may 
be determined by measuring the amount of antibodies directed against an immunogenic polypeptide containing an 

30 HCV antigenic sequence resulting from administration of this polypeptide in vaccines which are also comprised of the 
various adjuvants. 

[01 54] The vaccines are conventionally administered parenterally, by Injection, for example, either subcutaneously 
or intramuscularly. Additional formulations which are suitable for other modes of administration include suppositories 
and, in some cases, oral formulations. For suppositories, traditional binders and carriers may Include, for example, 

35 polyalkylene glycols or triglycerides; such suppositories may be formed from mixtures containing the active ingredient 
In the range of 0.5% to 10%, preferably 1%-2%. Oral formulations Include such normally employed excipients as, for 
example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose, mag- 
nesium carbonate, and the like. These compositions take the form of solutions, suspensions, tablets, pills, capsules, 
sustained release formulations or powders and contain 10%-95% of active ingredient, preferably 25%-70%. 

40 [01 55] The proteins may be formulated into the vaccine as neutral or salt forms. Pharmaceutical ly acceptable salts 
include the acid addition salts (formed with free amino groups of the peptide) and which are formed with inorganic 
acids such as, for example, hydrochloric or phosphoric acids, or such organic acids such as acetic, oxalic, tartaric, 
maleic, and the like. Salts formed with the free carboxyl groups may also be derived from inorganic bases such as, for 
example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such organic bases as isopropylamlne, 

45 trimethylamine, 2-ethylamino ethanol, histidine, procaine, and the like. 

ll.F. Dosage and Administration of Vaccines 

[0156] The vaccines are administered in a manner compatible with the dosage formulation, and in such amount as 
50 will be prophylactically and/or therapeutically effective. The quantity to be administered, which is generally in the range 
of 5 micrograms to 250 micrograms of antigen per dose, depends on the subject to be treated, capacity of the subject's 
immune system to synthesize antibodies, and the degree of protection desired. Precise amounts of active ingredient 
required to be administered may depend on the judgment of the practitioner and may be peculiar to each subject. 
[0157] The vaccine may be given in a single dose schedule, or preferably in a multiple dose schedule. A multiple 
55 dose schedule is one in which a primary course of vaccination may be with 1-10 separate doses, followed by other 
doses given at subsequent time intervals required to maintain and or reenforce the immune response, for example, at 
1-4 months for a second doee, and if needed, a subsequent dose(s) after several months. The dosage regimen will 
also, at least In part, be determined by the need of the Individual and be dependent upon the judgment of the practitioner. 
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[0158] In addition, the vaccine containing the Immunogenic HCV antigen(s) may be administered In conjunction with 
other immunoregulatory agents, for example, immune globulins. 

ll.G. Preparation of Antibodies Against HCV Epitopes 

5 

[01 59] The immunogenic polypeptides prepared as described above are used to produce antibodies, both polyclonal 
and monoclonal. If polyclonal antibodies are desired, a selected mammal (e.g., mouse, rabbit, goat, horse, etc.) is 
immunized with an Immunogenic polypeptide bearing an HCV epltope(s) . Serum from the Immu nlzed animal Is collected 
and treated according to known procedures. If serum containing polyclonal antibodies to an HCV epitope contains 

10 antibodies to other antigens, the polyclonal antibodies can be purified by immunoaffinity chromatography. Techniques 
for producing and processing polyclonal antisera are known in the art, see for example, Mayer and Walker (1987). 
[01 60] Alternatively, polyclonal antibodies may be isolated from a mammal which has been previously infected with 
HCV. An example of a method for purifying antibodies to HCV epitopes from serum from an infected individual, based 
upon affinity chromatography and utilizing a fusion polypeptide of SOD and a polypeptide encoded within cDNA clone 

15 5-1 -1 ( is presented in Section V.E. 

[01 61] Monoclonal antibodies directed against HCV epitopes can also be readily produced by one skilled in the art. 
The general methodology for making monoclonal antibodies by hybridomas Is well known . Immortal antibody-producing 
cell lines can be created by cell fusion, and also by other techniques such as direct transformation of B lymphocytes 
with oncogenic DNA, or transfection with Epstein-Barr virus. See, e.g., M. Schreier et al. (1980); Hammerling et al. 

20 (1981); Kennett et al. (1980); see also, U.S. Patent Nos. 4,341,761; 4,399,121; 4,427,783; 4,444,887; 4,466,917; 
4,472,500; 4,491,632; and 4,493,890. Panels of monoclonal antibodies produced against HCV epitopes can be 
screened for various properties; i.e., for isotype, epitope affinity, etc. 

[01 62] Antibodies, both monoclonal and polyclonal, which are directed against HCV epitopes are particularly useful 
in diagnosis, and those which are neutralizing are useful In passive Immunotherapy. Monoclonal antibodies, In partlc- 

25 ular, may be used to raise antl-ldlotype antibodies. 

[0163] Anti-idiotype antibodies are immunoglobulins which carry an "internal image" of the antigen of the infectious 
agent against which protection is desired. See, for example, Nisonotf, A., etal. (1981) and Dreesman et al. (1985). 
[0164] Techniques for raising anti-idiotype antibodies are known in the art. See, for example, Grzych (1985), Mac- 
Namara et al. (1984), and Uytdehaag et al. (1985). These antl-ldiotype antibodies may also be useful for treatment of 

30 NANBH, as well as for an elucidation of the immunogenic regions of HCV antigens. 

II.H. Diagnostic Oligonucleotide Probes and Kits 

[0165] Using the disclosed portions of the Isolated HCV cDNAs as a basis, including those in Figs. 1-32, oligomers 

35 of approximately 8. nucleotides or more can be prepared, either by excision or synthetically, which hybridize with the 
HCV genome and are useful in Identification of the viral agent(s) f further characterization of the viral genome(s), as 
well as In detection of the vlrus(es) in diseased Individuals. The probes for HCV polynucleotides (natural or derived) 
are a length which allows the detection of unique viral sequences by hybridization. While 6-8 nucleotides may be a 
workable length, sequences of 1 0-1 2 nucleotides are pre1erre6 t and about 20 nucleotides appears optimal. Preferably, 

40 these sequences will derive from regions which lack heterogeneity. These probes can be prepared using routine meth- 
ods, including automated oligonucleotide synthetic methods. Among useful probes, for example, are the clone 5-1-1 
and the additional clones disclosed herein, as well as the various oligomers useful in probing cDNA libraries, set forth 
below. A complement to any unique portion of the HCV genome will be satisfactory. For use as probes, complete 
complementarity Is desirable, though It may be unnecessary as the length of the fragment Is increased. 

45 [0166] For use of such probes as diagnostics, the biological sample to be analyzed, such as blood or serum, is 
treated, If desired, to extract the nucleic acids contained therein. The resulting nucleic acid from the sample may be 
subjected to gel electrophoresis or other size separation techniques; alternatively, the nucleic acid sample may be dot 
blotted without size separation. The probes are then labeled. Suitable labels, and methods for labeling probes are 
known In the art, and Include, for example, radioactive labels incorporated by nick translation or kinasing, biotln, fluo- 

50 rescent probes, and chemiluminescent probes. The nucleic acids extracted from the sample are then treated with the 
labeled probe under hybridization conditions of suitable stringencies. 

[01 67] The probes can be made completely complementary to the HCV genome. Therefore, usually high stringency 
conditions are desirable In order to prevent false positives. However, conditions of high stringency should only be used 
If the probes are complementary to regions of the viral genome which lack heterogeneity. The stringency of hybridization 
55 is determined by a number of factors during hybridization and during the washing procedure, including temperature, 
ionic strength, length of time, and concentration of formamlde. These factors are outlined in, for example, Manlatls, T. 
(1982). 

[0168] Generally, it Is expected that the HCV genome sequences will be present In serum of Infected individuals at 
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relatively low levels, I.e., at approximately itf-IO 3 sequences per ml. This level may require that amplification tech- 
niques be used in hybridization assays. Such techniques are known in the art. For example, the Enzo Biochemical 
Corporation "Bio-Bridge" system uses terminal deoxynucleotide transferase to add unmodified 3'-poly-QT-tails to a 
DNA probe. The poly dT-tailed probe is hybridized to the target nucleotide sequence, and then to a biotin-mod'rf ied 

5 poly-A. PCT application 84/03520 and EPA 1 24221 describe a DNA hybridization assay in which : (1 ) analyte Is annealed 
to a single-stranded DNA probe that is complementary to an enzyme-labeled oligonucleotide; and (2) the resulting 
tailed duplex is hybridized to an enzyme-labeled oligonucleotide. EPA 204510 describes a DNA hybridization assay 
in which analyte DNA Is contacted with a probe that has a tall, such as a poly-dT tall, an amplifier strand that has a 
sequence that hybridizes to the tail of the probe, such as a poly-A sequence, and which is capable of binding a plurality 

10 of labeled strands. A particularly desirable technique may first involve amplification of the target HCV sequences in 
sera approximately 10,000 fold, i.e., to approximately 10 6 sequences/ml. This may be accomplished, for example, by 
the technique of Salkl et al. (1986). The amplified sequence(s) may then be detected using a hybridization assay. A 
suitable solution phase sandwich assay which may be used with labeled polynucleotide probes, and the methods for 
the preparation of probes is described in EPO 225,807, published June 16, 1987, which is assigned to the herein 

is assignee, and which Is hereby Incorporated herein by reference. 

[01 69] The probes can be packaged into diagnostic kits. Diagnostic kits include the probe DNA, which may be labeled; 
alternatively, the probe DNA may be unlabeled and the Ingredients for labeling may be Included In the kit. The kit may 
also contain other suitably packaged reagents and materials needed for the particular hybridization protocol, tor ex- 
ample, standards, as well as instructions for conducting the test. 
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ll-l. Immunoassay and Diagnostic Kits 



[0170] Both the polypeptides which react immunologically with serum containing HCV antibodies, for example, those 
derived from or encoded within the clones described in Section IV.A., and composites thereof, (see section IV.A.) and 

25 the antibodies raised against the HCV specific epitopes in these polypeptides, see for example Section IV.E, are useful 
in immunoassays to detect presence of HCV antibodies, or the presence of the virus and/or viral antigens, in biological 
samples, including for example, blood or serum samples. Design of the immunoassays Is subject to a great deal of 
variation, and a variety of these are known in the art. For example, the immunoassay may utilize one viral antigen, for 
example! a polypeptide derived from any of the clones containing HCV cDNA described In Section IV.A., or from the 

30 composite cDNAs derived from the cDNAs in these clones, or from the HCV genome from which the cDNA in these 
clones is derived; alternatively, the immunoassay may use a combination of viral antigens derived from these sources. 
It may use, for example, a monoclonal antibody directed towards a viral epitope(s), a combination of monoclonal an- 
tibodies directed towards one viral antigen, monoclonal antibodies directed towards different viral antigens, polyclonal 
antibodies directed towards the same viral antigen, or polyclonal antibodies directed towards different viral antigens. 

35 Protocols may be based, for example, upon competition, or direct reaction, or sandwich type assays. Protocols may 
also, for example, use solid supports, or may be by immunopreclpitatlon. Most assays involve the use of labeled an- 
tibody or polypeptide; the labels may be, for example, fluorescent, ch em I luminescent, radioactive, or dye molecules. 
Assays which amplify the signals from the probe are also known; examples of which are assays which utilize biotin 
and avidin, and enzyme-labeled and mediated immunoassays, such as ELISA assays. 

40 [0171] The Flavivirus model for HCV allows predictions regarding the likely location of diagnostic epitopes for the 
virion structural proteins. The C, pre-M, M, and E domains are all likely to contain epitopes of significant potential for 
detecting viral antigens, and particularly for diagnosis. Similarly, domains of the nonstructural proteins are expected 
to contain important diagnostic epitopes (e.g., NS5 encoding a putative polymerase; and NS1 encoding a putative 
complement-binding antigen). Recombinant polypeptides, or viral polypeptides, which Include epitopes from these 

45 specific domains may be useful for the detection of viral antibodies in infections blood donors and infected patients. 
[0172] In addition, antibodies directed against the E and/or M proteins can be used in immunoassays for the detection 
of viral antigens in patients with HCV caused NANBH, and in infectious blood donors. Moreover, these antibodies will 
be extremely useful in detecting acute-phase donors and patients. 

[0173] Kits suitable for Immunodiagnosis and containing the appropriate labeled reagents are constructed by pack- 
so aging the appropriate materials, Including the polypeptides of the invention containing HCV epitopes or antibodies 
directed against HCV epitopes in suitable containers, along with the remaining reagents and materials required for the 
conduct of the assay, as well as a suitable set of assay instructions. 

Ilj. Further Characterization of the HCV Genome, Virions, and Viral Antigens Using Probe s Derived From cDNA to 
55 the Viral Genome 

[01 74] The HCV cDNA sequence information in the clones described in Section IV.A., as shown in Figs. 1 -32, inclu- 
sive, may be used to gain further information on the sequence of the HCV genome, and for Identification and isolation 
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of the HCV agent and thus will aid In Its characterization Including the nature of the genome, the structure of the viral 
particle and the nature of the antigens of which it is composed. This information, in turn, can lead to additional poly- 
nucleotide probes, polypeptides derived from the HCV genome, and antibodies directed against HCV epitopes which 
would be useful for the diagnosis and/or treatment of HCV caused NANBH. 

[01751 The cDNA sequence Information In the above-mentioned clones is useful for the design of probes for the 
eolation of additional cDNA sequences which are derived from as yet undefined regions of the HCV genome{s) from 
which the cDNAs in clones described in Section IV.A. are derived. For example, labeled probes containing a sequence 
^approximately 8 or more nucleotides, and preferably 20 or more nucleotides, which are derived from regions close 
to the 5'-termini or SMermini of the family of HCV cDNA sequences shown in Figs. 1,3,6,9,1 4 and 32 may I be used 
to isolate overlapping cDNA sequences from HCV cDNA libraries. These sequences which overiap the , cDNAs In the 
above-mentioned clones, but which also contain sequences derived from regions of the genome from which the cDNA 
fn me above mentioned clones are not derived, may then be used to synthesize probes for ident, cadon of other 
overlapping fragments which do not necessarily overlap the cDNAs In the clones described in Section IVA. Unless the 
HCV genome is segmented and the eegments lack common sequences, it is possible to sequence the en ire viral 
genome(s) utilizing the technique of Isolation of overlapping cDNAs derived from the viral genome(s). Although It Is 
unlikely if the genome is a segmented genome which lacks common sequences, the sequence of the genome can be 
dlrmlne! Tby serologically screening iambda-gtH HCV cDNA libraries, as used to Isolate clone 5-1-1 , sequenc ng 
cDNA isolates and using the isolated cDNAs to isolate overlapping fragments, using the technique descnbed for the 
isolation and sequencing of the clones described in Section IV.A. Alternatively, characterization of the genomic seg- 
ment cou d be Jom thellral genome(s) isolated from purified HCV particles. Methods for purifying HCV panicles and 
tor detecting them during the purification procedure are described herein, infra. Procedures for isolating polynuc eot.de 
qenomTs from viral particles are, known In the art, and one procedure which may be used Is shown In Example IV A. 
f ThTiolated genomic segments could then be cloned and sequenced. Thus, with the information provided herein, 
it is possible to clone and sequence the HCV genome(s) irrespective of their nature. 

[0176] Methods for constructing cDNA libraries are known In the art, and are discussed supra and Infra; a method 
to 2 construction of HCV cDNA libraries in Iambda-gt11 is diecussed infra in Section IV.A. However, cDNA branes 
wnkVh are useful for screening with nucleic acid probes may also be constructed in other vectors known in the art for 
example Iambda-gt1 0 (Huynh et al. (1 965)). The HCV derived cDNA detected by the probes denved from the cDNAs 
Tn Ftas l'-32 and from the probes synthesized from polynucleotides derived from these cDNAs, may be Isolated from 
the clone by 'digestion of the isolated polynucleotide with the appropriate restriction enzymeCe), and sequenced. See 
for example Section IV.A.3. and IV.A.4. for the techniques used forthe isolation and sequencmg of HCV cDNA .which 
overS?HCV cSna in clone 5-1 -1 , Sections IV.A.5-.V.A.7 forthe feo.at.on and sequencing of HCV cDN A which over- 
laps that in clone 31 , and Section IV.A.B and IV.A.9 for the isolation and sequencing of a clone which overlaps another 
clone (clone 36), which overlaps clone 81. , 
101771 The sequence information derived from these overlapping HCV cDNAs is useful for determining areas of 
homo ogy and heterogeneity within the viral genome(s), which could indicate the presence of drfferent strains of the 
2 ^and/or of populations of defective particles, ft Is also useful for the design of hybridization probes to detect 
HCvThCV antigens or HCV nucleic acids in biological samples, and during the isolation of HCV (discussed infra), 
utilizing the techniques described In Section II.G. Moreover, the overlapping cDNAs may be used to create expression 
vectorsfor polypeptides derived from the HCV genome(s) which also encode the polypeptides encoded inclones 5-1 -1 , 
36 81 91 andl-2 and in the other clones described in Section IV.A. The techniques forthe creation of these polypep- 
tides containing HCV epitopes, and for antibodies directed against HCV epitopes contained within them, as weH i as 
their uses, are analogous to those described for polypeptides derived from NANBV cDNA sequences contained wrthm 
clones 5-1-1 32 35,36, 1-2, 81, and 91, discussed supra and infra. 

r0178l Encoded within the family of cONA sequences contained within clones 5-1 -1 , 32, 35, 36, 81 91 ,1 -2, and the 
other clones described in Section IV.A. are antigen(s) containing epitopes which appear to be unique to HCV; I.e., 
antibodies directed against these antigens are absent from individuals infected with HAV or HBV and from .ndrviduals 
not infected with HCV (see the serological data presented in Section IV.B.). Moreover, a comparison of the sequence 
Information of these cDNAs with the sequences of HAV, HBV, HDV. and witb the genomic sequences in Genebank 
50 indicates that minimal homology exists between these cDNAs and the polynucleotide sequences oT tooee ^source* 
Thus, antibodies directed against the antigens encoded within the cDNAs of these clones may be us« to ^ityBB- 
NANBV particles isolatedfrom infected individuals. In addition, they are also useful forthe isolation of NANBH agent(s). 
rai 791 HCV particles may be Isolated from the sera from BB-NANBV Infected individuals or from cell cultures by any 
of the methods known in the art, including for example, techniques based on size discrimination such as sedimentation 
» or exclusion methods, or techniques based on density such as ultracentrrfugation in density gradients, or preciprtation 
with agents such as polyethylene glycol, or chromatography on a variety of materials such as anionic or cation ic ex- 
change materials, and materials which bind due to hydrophobicity. as well as affinity columns. Dunng the isolation 
procedure the presence of HCV may be detected by hybridization analysis of the extracted genome, using probes 
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derived from the HCV cDNAs described supra, or by immunoassay (see Section II. I.) utilizing as probes antibodies 
directed against HCV antigens encoded within the family of cDNA sequences shown in Figs. 1-32, and also directed 
against HCV antigens encoded within the overlapping HCV cDNA sequences discussed supra. The antibodies may 
be monoclonal, or polyclonal, and it may be desirable to purify the antibodies before their use in the immunoassay. A 

5 purification procedure for polyclonal antibodies directed against antigen(s) encoded within clone 5-1 -1 Is described in 
Section IV.E; analogous purification procedures may be utilized for antibodies directed against other HCV antigens. 
[0180] Antibodies directed against HCV antigens encoded within the family of cDNAs shown in Figs. 1-32, as well 
as those encoded within overlapping HCV cDNAs, which are affixed to solid supports are useful for the isolation of 
HCV by immunoaffinity chromatography. Techniques for immunoaffinity chromatography are known in the art, including 

10 techniques for affixing antibodies to solid supports so that they retain their immunoselecttve activity; the techniques 
may be those in which the antibodies are adsorbed to the support (see, for example, Kurstak in ENZYME IMMUNO- 
DIAGNOSIS, page 31-37), as well as those in which the antibodies are covalently linked to the support. Generally, the 
techniques are similar to those used for covalent linking of antigens to a solid support, which are generally described 
in Section ll.C; however, spacer groups may be included in the Afunctional coupling agents so that the antigen binding 

'5 site of the antibody remains accessible. 

[0181] During the purification procedure the presence of HCV may be detected and/or verified by nucleic acid hy- 
bridization, utilizing as probes polynucleotides derived from the family of HCV cDNA sequences shown In Figs. 1-32, 
as well as from overlapping HCV cDNA sequences, described supra. In this case, the fractions are treated under 
conditions which would cause the disruption of viral particles, for example, with detergents in the presence of chelating 

20 agents, and the presence of viral nucleic acid determined by hybridization techniques described In Section II.H. Further 
confirmation that the isolated particles are the agents which induce HCV may be obtained by infecting chimpanzees 
with the Isolated virus particles, followed by a determination of whether the symptoms of NANBH result from the infec- 
tion. 

[0182] Viral particles from the purified preparations may then be further characterized. The genomic nucleic acid has 
25 been purified. Based upon Its sensitivity to RNase, and not DNase I, it appears that the virus is composed of an RNA 
genome. See Example IV.C.2., infra. The strandedness and circularity or non-circularity can determined by techniques 
known In the art, Including, for example, its visualization by electron microscopy, its migration in density gradients, and 
its sedimentation characteristics. Based upon the hybridization of the captured HCV genome to the negative strands 
of HCV cDNAs, it appears that HCV may be comprised of a positive stranded RNA genome (see Section IV.H.1). 
30 Techniques such as these are described in, for example, METHODS IN ENZYMOLOGY. Jnaddftion, the purified nucleic 
acid can be cloned and sequenced by known techniques, including reverse transcription since the genomic material 
is RNA. See, for example, Maniatis (1 982), and Glover (1 985). Utilizing the nucleic acid derived from the viral particles, 
it is possible to sequence the entire genome, whether or not it is segmented. 

[01 83] Examination of the homology of the polypeptide encoded within the continuous OR F of combined clones 1 41 
35 through 39c (see Fig. 26), shows that the HCV polypeptide contains regions of homology with the corresponding pro- 
teins In conserved regions of flaviviruses. An example of this is described in Section IV.H.3. This finding has many 
important ramifications. First, this evidence, in conjunction with the results which show that HCV contains a positive- 
stranded genome, the size of which is approximately 10,000 nucleotides, is consistent with the suggestion that HCV 
is a flavivirus, or flavHike virus. Generally, flavlvirus virions and their genomes have a relatively consistent structure 
40 and organization, which are known. See Rice et al. (1986), and Brinton, MA (1988). Thus, the structural genes en- 
coding the polypeptides C, pre-M/M, and E may be located in the 5'-terminus of the genome upstream of clone 141. 
Moreover, using the comparison with otherflaviviruses, predictions as to the precise location of the sequences encoding 
these proteins can be made. 

[0184] Isolation of the sequences upstream of those in clone 14i may be accomplished in a number of ways which, 
<5 given the information herein, would be obvious to one of skill in the art. For example, the genome 'walking" technique, 
may be used to Isolate other sequences which are 5* to those In clone 141, but which overlap that clone; this In turn 
leads to the isolation of additional sequences. This technique has been amply demonstrated infra, in Section IVA. For 
example, also, it is known that the flaviviruses have conserved epitopes and regions of conserved nucleic acid se- 
quences. Polynucleotides containing the conserved sequences may be used as probes which bind the HCV genome, 
so thus allowing its isolation. In addition, these conserved sequences, in conjunction with those derived from the HCV 
cDNAs shown In Fig. 22, may be used to design primers for use in systems which amplify the genome sequences 
upstream of those in clone 14i, using po\ymerase chain reaction technology. An example of this is described infra. 
[0185] The structure of the HCV may also be determined and Its components Isolated. The morphology and si2e 
may be determined by, for example, electron microscopy. The identification and localization of specific viral polypeptide 
55 antigens such as coat or envelope antigens, or internal antigens, such as nucleic acid binding proteins, core antigens, 
and polynucleotide polymerase(s) may also be determined by, for example, determining whether the antigens are 
present as major or minor viral components, as well as by utilizing antibodies directed against the specific antigens 
encoded within Isolated cDNAs as probes. This Information is useful in the design of vaccines; for example, It may be 
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preferable to include an exterior antigen in a vaccine preparation. Multivalent vaccines may be comprised of, for ex- 
ample, a polypeptide derived from the genome encoding a structural protein, for example, E, as well as a polypeptide 
from another portion of the genome, for example, a nonstructural or structural polypeptide. 

5 ilk. Cell Culture Systems and Animal Model Systems for HCV Replication 

[0186] The suggestion that HCV is a flavivirus orflavi-like virus also provides information on methods for growing 
HCV The term "f lavi-like" means that the virus shows a significant amount of homology to the known conserved regions 
of flaviviruses and that the majority of the genome is a single ORF. Methods for culturing flaviviruses are known to 

to those of skill in the art {See, for example, the reviews by Brinton (1986) and Stoilar, V. (1980)). Generally, suitable cells 
or cell lines for culturing HCV may include those known to support Flavivirus replication, for example, the following: 
monkey kidney cell lines (e.g. MK 2 , VERO); porcine kidney cell lines (e.g. PS); baby hamster kidney cell lines (e.g. 
BHK); murine macrophage cell lines (e.g., P388D1, MK1, Mm1); human macrophage cell lines (e.g., U-937); human 
peripheral blood leukocytes; human adherent monocytes; hepatocytes or hepatocyte cell lines (e.g., HUH7 , HEPG2); 

is embryos or embryonic cells (e.g., chick embryo fibroblasts); or cell lines derived from invertebrates, preferably from 
insects (e.g. drosophila cell lines), or more preferably from arthropods, for example, mosquito cell lines (e.g., A. Al- 
boplctus, Aedes aegyptl, Cutex trttaenlorhynchus) or tick cell lines (e.g. RML-14 Dermacentor parumapertus). 
[01 87] 'it is possible that primary hepatocytes can be cultured, and then infected with HCV; or alternatively, the hepa- 
tocyte cultures could be derived from the livers of infected individuals (e.g., humans or chimpanzees). The latter case 

20 is an example of a cell which Is Infected In yjyo being passaged In vitro. In addition, various Immortalization methods 
can be used to obtain call-lines derived from hepatocyte cultures. For example, primary liver cultures (before and after 
enrichment of the hepatocyte population) may be fused to a variety of cells to maintain stability. For example, also, 
cultures may be infected with transforming viruses, or transfected with transforming genes in orderto create permanent 
or semipermanent cell lines. In addition, for example, cells in liver cultures may be fused to established cell lines (e. 

25 g M HepG2 ). Methods for cell fusion are known in the art, and include, for example, the use of fusion agents such as 
polyethylene glycol, Sendai virus, and Epstein-Barr virus. 

[01 88] As discussed above, HCV is a Flavivirus or Flavi-like virus. Therefore, It is probable that HCV infection of cell 
lines may be accomplished by techniques known in the art for infecting cells wrth Flaviviruses. These include, for 
example Incubating the calls with viral preparations under conditions which allow viral entry Into the cell, in addition, 

so it may be possible to obtain viral production by transfecting the cells with isolated viral polynucleotides it is known that 
Togavirus and Flavivirus, RNAs are infectious in a variety of vertebrate cell lines (Pfefferkom and Shapiro (1974)); and 
In a mosquito cell line (Peleg (1 969)). Methods for transfecting tissue culture cells with RNA duplexes, positwe stranded 
RNAs and DNAs (including cDNAs) are known, in the art, and include, for example, techniques which use electropo- 
ratlon ' and precipitation with DEAE-Dextran or calcium phosphate. An abundant source of HCV RNA can be obtained 

35 by performing in vitro transcription of an HCV cDNA corresponding to the complete genome. Transfection with this 
material, or with cloned HCV cDNA should result in viral replication and the in vitro propagation of the virus. 
[0189] In addition to cultured cells, animal model systems may be used for viral replication; animal systems in which 
flaviviruses are known to those of skill in the art (See, for example, the review by Monath (1 986)) . Thus, HCV replication 
may occur not only In chimpanzees, but also In, for example, marmosets and suckling mice. 



40 



ILL. Scroening for Anti-Viral Agents for HCV 



[0190] The availability of cell culture and animal model systems for HCV also makes possible screening for anti-viral 
agents which Inhibit HCV replication, and particularly for those agents which preferentially allow cell growth and mul- 
45 tiplication while inhibiting viral replication. These screening methods are known by those of skill in the art. Generally, 
the antl-vlral agents are tested at a variety of concentrations, for their effect on preventing viral replication In cell culture 
systems which support viral replication, and then for an inhibition of tnfectivity or of viral pathogenicity (and a low level 
of toxicity) in an animal model system. 

[0191] Methods and compositions for detecting HCV antigens and HCV polynucleotides are useful for screening of 
so anti-viral agents in that they provide an alternative, and perhaps more sensitive means, for detecting the agent's effect 
on viral replication than the cell plaque assay or ID 50 assay. For example, the HCV-polynucleotlde probes described 
herein may be used to quantitate the amount of viral nucleic acid produced in a cell culture. This could be accomplished, 
for example, by hybridization or competition hybridization of the infected cell nucleic acids with a labeled HCV-potynu- 
cleotide probe. For example, also, anti-HCV antibodies may be used to identify and quantitate HCV antigen(s) in the 
55 cell culture utilizing the immunoassays described herein. In addition, since it may be desirable to quantitate HCV an- 
tigens In the infected cell culture by a competition assay, the polypeptides encoded within the HCV cDNAs described 
herein are useful in these competition assays. Generally, a recombinant HCV polypeptide derived from the HCV cDNA 
would be labeled, and the inhibition of binding of this labeled polypeptide to an HCV polypeptide due to the antigen 
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produced In the cell culture system would be monitored. Moreover, these techniques are particularly useful In cases 
where the HCV may be able to replicate in a cell line without causing cell death. 

II. M. Preparation of Attenuated Strains of HCV 

5 

[0192] In addition to the above, utilizing the tissue culture systems and/or animal model systems, it may be possible 
to isolate attenuated strains of HCV. These strains would be suitable for vaccines, or for the isolation of viral antigens. 
Attenuated strains are Isolatable after multiple passages In cell culture and/or an animal model. Detection of an atten- 
uated strain in an infected cell or individual is achievable by techniques known in the art, and could include, for example, 

w the use of antibodies to one or more epitopes encoded in HCV as a probe or the use of a polynucleotide containing 
an HCV sequence of at least about 8 nucleotides as a probe. Alternatively, or in addition, an attenuated strain may be 
constructed utilizing the genomic information of HCV provided herein, and utilizing recombinant techniques. Generally, 
one would attempt to delete a region of the genome encoding, for example, a polypeptide related to pathogenicity, but 
which allows viral replication. In addition, the genome construction would allow the expression of an epitope which 

is gives rise to neutralizing antibodies for HCV. The altered genome could then be utilized to transform cells which allow 
HCV replication, and the cells grown under conditions to allow viral replication. Attenuated HCV strains are useful not 
only for vaccine purposes, but also as sources for the commercial production of viral antigens, since the processing 
of these viruses would require less stringent protection measures for the employees involved in viral production and/ 
or the production of viral products. 

20 

III. General Methods 

[0193] The general techniques used in extracting the genome from a virus, preparing and probing a cDNA library, 
sequencing clones, constructing expression vectors, transforming cells, performing immunological assays such as 
25 radioimmunoassays and ELISA assays, for growing cells In culture, and the like are known in the art and laboratory 
manuals are available describing these techniques. However, as a general guide, the following sets forth some sources 
currently available for such procedures, and for materials useful in carrying them out. 

Ill A. Hosts and Expression Control Sequences 
30 — — 

[0194] Both prokaryotic and eukaryotic host cells may be used for expression of desired coding sequences when 
appropriate control sequences which are compatible with the designated host are used. Among prokaryotic hosts, E. 
coli is most frequently used. Expression control sequences for prokaryotes include promoters, optionally containing 
operator portions, and ribosom e binding sites. Transfer vectors compatible with prokaryotic hosts are commonly derived 

35 from, for example, pBR322, a plasmid containing operons conferring ampicillin and tetracycline resistance, and the 
various pUC vectors, which also contain sequences conferring antibiotic resistance markers. These markers may be 
used to obtain successful transformants by selection. Commonly used prokaryotic control sequences Include the Beta- 
lactamase (penicillinase) and lactose promoter systems (Chang et ai. (1977)), the tryptophan (trp) promoter system 
(Goeddel et al. (1 980)) and the lambda-derived P L promoter and N gene ribosome binding site (Shlmatake et al . (1 981 )) 

^0 and the hybrid tec promoter (De Boer et al. (1983)) derived from sequences of the trg and lac UV5 promoters. The 
foregoing systems are particularly compatible with E. coli; if desired, other prokaryotic hosts such as strains of Bacillus 
or Pseudomonas may be used, with corresponding control sequences. 

[0195] Eukaryotic hosts include yeast and mammalian cells in culture systems. Saccharomyces cerevisiae and Sac- 
charomyces carlsbergensis are the most commonly used yeast hosts, and are convenient fungal hosts. Yeast com- 

<5 patible vectors carry markers which permit selection of successful transformants by conferring prototrophy to auxo- 
trophic mutants or resistance to heavy metals on wild-type strains. Yeast compatible vectors may employ the 2 micron 
origin of replication (Broach et al. (1 983)), the combination of CEN3 and ARS1 or other means for assuring replication, 
such as sequences which will result in Incorporation of an appropriate fragment into the host cell genome. Control 
sequences for yeast vectors are known in the art and include promoters for the synthesis of glycolytic enzymes (Hess 

50 et al. (1968); Holland et al. (1978)), including the promoter for 3 phosphoglycerate kinase (Hitzeman (1980)). Termi- 
nators may also be included, such as those derived from the enolase gene (Holland (1981)). Particularly useful control 
systems are those which comprise the glyceraldehyde-3 phosphate dehydrogenase (GAPDH) promoter or alcohol 
dehydrogenase (ADH) regulatable promoter, terminators also derived from GAPDH, and if secretion Is desired, leader 
sequence from yeast alpha factor. In addition, the transcriptional regulatory region and the transcriptional initiation 

55 region which are operably linked may be such that they are not naturally associated in the wild-type organism. These 
systems are described in detail In EPO 1 20,551 , published October 3, 1 984; EP0 1 1 6,201 , published August 22, 1 984; 
and EPO 164,556, published December 18, 1985, ail of which are assigned to the herein assignee, and are hereby 
incorporated herein by reference. 
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101961 Mammalian call lines available as hosts for expression are known In the art and include many immortalized 
cell lines available from the American Type Culture Collection (ATCC), including HeLa cells, Chinese hamster ovary 
(CHO) cells baby hamster kidney (BHK) cells, and a number ol other cell lines. Suitable promoters for mammalian 
cells are also known in the art and include viral promoters such as that from Simian Virus 40 (SV40) (F.ers (1978)), 
Rous sarcoma virus (HSV), adenovirus (ADV), and bovine papilloma virus (8PV). Mammalian cells may also require 
terminator sequences and poly A addition sequences; enhancer sequences which increase express.on may also be 
included and sequences which cause amplification of the gene may also be desirable. These sequences are known 
in the art. Vectors suitable for replication In mammalian cells may Include viral repllcons, or sequences which Insure 
integration of the appropriate sequences encoding NANBV epitopes into the host genome. 

III.B. Transformations 

r0197] Transformation may be by any known method for Introducing polynucleotides into a host cell, Including for 
example packaging the polynucleotide in a virus and transducing a host cell with the virus, and by direct uptake of the 
polynucleotide. The transformation procedure used depends upon the host to be transformed. For example transfor- 
mation of the E. coli host cells with Iambda-gt11 containing BB-NANBV sequences is discussed m the Example section, 
Infra Bacterial transformation by direct uptake generally employs treatment with calcium or rubidium chloride (Cohen 
(1972)- Maniatis (1982)). Yeast transformation by direct uptake may be carried out using the method of H.nnen et al. 
1978)' Mammalian transformations by direct uptake may be conducted using the calcium phosphate prec.prtat.on 
20 method of Graham and Van der Eb (1 978), or the various known modifications thereof. 

II I.e. Vector Construction 

101 981 Vector construction employs techniques which are known in the art. Site-specific DNA cleavage is performed 
by treating with suitable restriction enzymes under conditions which generally are specified by the manufacturer of 
these commercially available enzymes. In general, about 1 microgram of plasmid or DNA sequence is cleaved by 1 
unltofenzymelnabout20mlcrollter S buffer solution by Incubation of 1-2 hrat37»C.Atter Incubation with the restrfctlon 
enzyme protein is removed by phenol/chloroform extraction and the DNA recovered by precipitin wrth ethane . The 
defragments may be separated using polyacrylamlde or agarose gel electrophoresis techniques, according to 
the qeneral procedures found in Methods in Enzymology (1980) 65:499-560. 

T01 991 Sticky ended cleavagef ragments may be blunt ended using Ecoli DNA polymerase I (Klenow) in the presence 
of the appropriate deoxynucleotide triphosphates (dNTPs) present in the mixture. Treatment with S1 nuclease may 
also be used, resulting in the hydrolysis of any single stranded DNA portions. 

r02001 Ligations are carried out using standard buffer and temperature conditions using T4 DNA llgase and ATP 
sticky end Rations require less ATP and less ligase than blunt end ligations. When vector fragments are used as part 
of a ligation m.xture,Yhe vector fragment is often treated wrth bacterial alkaline phosphatase (BAP) or calf intest nal 
alkaline phosphatase to remove the 5'-phosphate and thus prevent religatlon of the vector; aKernatively, restnction 
enzvme digestion of unwanted fragments can be used to prevent ligation. 

KT Lotion mixtures are transformed Into suitable cloning hosts, such as E^coll, and successful transformants 
40 selected by, for example, antibiotic resistance, and screened for the correct construction. 
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I.D. Construction of Desired DNA Sequences 



102021 Synthetic oligonucleotides may be prepared using an automated oligonucleotide synthesizer as described by 
45 Warner (1984). If desired the synthetic strands may be labeled with by treatment with polynucleotide kinase in the 
presence of ^P-ATP, using standard conditions for the reaction. 

[02031 DNA sequences, including those isolated from cDNA libraries, may be modified by known techniques, includ- 
ng for example site directed mutagenesis, as described by Zoller (1 982). Briefly, the DNA to be modified is packaged 
Info phage as a single stranded sequence, and converted to a double stranded DNA with DNA polymerase using, as 

so a primer a synthetic oligonucleotide complementary to the portion of the DNA to be modified and having the d«,ired 
modification included In Its own sequence. The resulting double stranded DNA is transformed Into a phage support ng 
host bacterium Cultures of the transformed bacteria, which contain replications of each atrand of the phage, are plated 
In aqar to obtain plaques. Theoretically, 50% of the new plaques contain phage having the mutated sequence, and the 
remaining 50% have the original sequence. Replicates of the plaques are hybridized to labeled synthetic probe at 

55 temperatures and conditions which permit hybridization with the correct strand, but not with the unmodrfied sequence. 
The sequences which have been Identified by hybridization are recovered and cloned. 
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III.E. Hybridization with Probe 

[0204] DNA libraries may be probed using the procedure of Grunstein and Hogness (1 975). Briefly, in this procedure, 
the DNA to be probed is immobilized on nitro-cellulose filters, denatured, and prehybridized with a buffer containing 

5 0-50% formamide, 0.75 M NaCI, 75 mM Na citrate, 0.02% (wtA/) each of bovine serum albumin, polyvinyl pyrollldone, 
and Ficoll, 50 mM Na Phosphate (pH 6.5), 0.1 % SDS, and 1 00 micrograms/ml carrier denatured DNA. The percentage 
of formamide In the buffer, as well as the time and temperature conditions of the prehybridization and subsequent 
hybridization steps depends on the stringency required. Oligomeric probes which require lower stringency conditions 
are generally used with low percentages of formamide, lower temperatures, and longer hybridization times. Probes 

10 containing more than 30 or 40 nucleotides such as those derived from cDNA or genomic sequences generally employ 
higher temperatures, e.g., about 40-42°C, and a high percentage, e.g., 50%, formamide. Following prehybridization, 
5'- 32 P-labeled oligonucleotide probe Is added to the buffer, and the filters are Incubated In this mixture under hybridi- 
zation conditions. After washing, the treated fitters are subjected to autoradiography to show the location of the hybrid- 
ized probe; DNA in corresponding locations on the original agar plates is used as the source of the desired DNA. 

15 

III.F. Verification of Construction and Sequencing 

[0205] For routine vector constructions, ligation mixtures are transformed into E. coli strain HB1 01 or other suitable 
host and successful transformants selected by antibiotic resistance or other markers. Plasmids from the transformants 
20 are then prepared according to the method of Clewell et al. (1969), usually following chloramphenicol amplification 
(Clewell (1972)). The DNA is isolated and analyzed, usually by restriction enzyme analysis and/or sequencing. Se- 
quencing may be by the dideoxy method of Sanger et al. (1977) as further described by Messing et al. (1981), or by 
the method of Maxam et al. (1980). Problems with band compression, which are sometimes observed in GC rich 
regions, were overcome by use of T-deazoguanosine according to Barr et al. (1986). 

25 

III. G. Enzyme Linked Immunosorbent Assay 

[0206] The enzyme-linked immunosorbent assay (EL ISA) can be used to measure either antigen or antibody con- 
centrations. This method depends upon conjugation ot an enzyme to either an antigen or an antibody, and uses the 

30 bound enzyme activity as a quantitative label. To measure antibody, the known antigen is fixed to a solid phase (e.g., 
a microplate or plastic cup), incubated with test serum dilutions, washed, incubated with anti-immunoglobulin labeled 
with an enzyme, and washed again. Enzymes suitable for labeling are known in the art, and include, for example, 
horseradish peroxidase. Enzyme activity bound to the solid phase is measured by adding the specific substrate, and 
determining product formation or substrate utilization coiorimetrteally. The enzyme activity bound Is a direct function 

35 of the amount of antibody bound. 

[0207] To measure antigen, a known specific antibody is fixed to the solid phase, the test material containing antigen 
is added, after an incubation the solid phase is washed, and a second enzyme-labeled antibody is added. After washing, 
substrate is added, and enzyme activity is estimated colorimetrically, and related to antigen concentration. 

40 |V. Examples 

[0208] Described below are examples-of the present invention and related data, which are provided only for illustra- 
tive purposes, and not to limit the scope of the present invention. In light of the present disclosure, numerous embod- 
iments within the scope of the claims will be apparent to those of ordinary skill in the art The procedures set forth, for 
45 example, in Sections IV.A. may, if desired, be repeated but need not be, as techniques are available for construction 
of the desired nucleotide sequences based on the Information provided by the invention. Expression is exemplified In 
E. coli; however, other systems are available as set forth more fully in Section III A Additional epitopes derived from 
the genomic structure may also be produced, and used to generate antibodies as set forth below. 

so |V.A. Preparation. Isolation and Sequencing of HCV cDNA 

IV. A.1 . Preparation of HCV cDNA 

[0209] The source of NANB agent was a plasma pool derived from a chimpanzee with chronic NANBH. The chim- 
55 panzee had been experimentally infected with blood from another chimpanzee with chronic NANBH resulting from 
infection with HCV In a contaminated batch of factor 8 concentrate derived from pooled human sera. The chimpanzee 
plasma pool was made by combining many individual plasma samples containing high levels of alanine aminotrans- 
ferase activity; this activity results from hepatic injury due to the HCV infection. Since 1 ml of a 1 0r 6 dilution of this 
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pooled serum given i.v. caused NANBH in another chimpanzee, its CID was at least 10 6 /ml s i.e., it had a high infectious 
virus titer. 

[0210] A cDNA library from the high titer plasma pool was generated as follows. First, viral particles were Isolated 
from the plasma; a 90 ml aliquot was diluted with 31 0 ml of a solution containing 50 mM Tris-HCI, pH 8.0, 1 mM EDTA, 

5 1 00 mM NaCI. Debris was removed by centrifugation for 20 mln at 1 5,000 x g at 20 *C. Viral particles In the resulting 
supernatant were then pelleted by centrifugation in a Beckman SW28 rotor at 28,000 rpm for 5 hours at 20°C. To 
release the viral genome, the particles were disrupted by suspending the pellets in 1 5 ml solution containing 1 % sodium 
dodecyl sulfate (SDS), 10 mM EDTA, 10 mM Tris-HCI, pH 7.5, also containing 2 mg/ml proteinase k, followed by 
incubation at 45*C for 90 min. Nucleic acids were isolated by adding 0.8 micrograms MS2 bacteriophage RNA as 

10 carrier, and extracting the mixture four times with a 1 :1 mixture of phenolichloroform (phenol saturated with 0.5M Tris- 
HCI, pH 7.5, 0.1% (v/v) betamercaptoethanol, 0.1% (w/v) hydroxyquinolone, followed by extraction two times with 
chloroform. The aqueous phase was concentrated with 1 -butanol prior to precipitation with 2.5 volumes absolute eth- 
anol overnight at -20*C. Nucleic acid was recovered by centrifugation in a Beckman SW41 rotor at 40,000 rpm for 90 
min at 4°C, and dissolved in water that had been treated with 0.05% (v/v) diethylpyrocarbonate and autoclaved. 

J5 [0211] Nucleic acid obtained by the above procedure (<2 micrograms) was denatured with 17.5 mM CH 3 HgOH; 
cDNA was synthesized using this denatured nucleic acid as template, and was cloned into the EcoRI site of phage 
Iambda-gt11 using methods described by Huynh (1985), except that random primers replaced oligo(dT) 12-18 during 
the synthesis of the first cDNA strand by reverse transcriptase (Taylor et al. (1976)). The resulting double stranded 
cDNAs were fractionated according to size on a Sepharose CL-4B column; eiuted material of approximate mean size 

20 400, 300, 200, and 100 base-pairs were pooled into cDNA pools 1 , 2, 3, and 4, respectively. The Iambda-gt11 cDNA 
library was generated from the cDNA in pool 3. 

[0212] The Iambda-gt1 1 cDNA library generated from pool 3 was screened for epitopes that could bind specifically 
with serum derived from a patient who had previously experienced NANBH. About 10 6 phage were screened with 
patient sera using the methods of Huynh et al. (1985), except that bound human antibody was detected with sheep 

25 anti-human Ig antlsera that had been radio-labeled with 125 l. Five positive phages were identified and purified. The 
five positive phages were then tested for specificity of binding to sera from 8 different humans previously infected with 
the NANBH agent, using the same method. Four of the phage encoded a polypeptide that reacted immunologically 
with only one human serum, i.e., the one that was used for primary screening of the phage library. The fifth phage 
(5-1-1) encoded a polypeptide that reacted immunologically with 5 of 8 of the sera tested. Moreover, this polypeptide 

30 did not react immunologically with sera from 7 normal blood donors. Therefore, it appears that clone 5-1 -1 encodes a 
polypeptide which is specifically recognized immunologically by sera from NANB patients. 

IV.A.2. Sequences of the HCV cDNA in Recombinant Phage 5-1-1 , and of the Polypeptide Encoded Within the 
Sequence. 

35 

[0213] The cDNA in recombinant phage 5-1-1 was sequenced by the method of Sanger et ai. (1977). Essentially, 
the cDNA was excised with EcoRI, Isolated by size fractionation using gel electrophoresis. The EcoRI restriction frag- 
ments were subcloned into the M1 3 vectors, mp1 B and mp1 9 (Messing (1 983)) and sequenced using the dideoxychain 
termination method of Sanger et al. (1977). The sequence obtained is shown in Fig. 1. 
40 [021 4] The polypeptide encoded in Fig. 1 that is encoded in the HCV cDNA is in the same translational frame as the 
N -terminal beta-gal actosidase moiety to which it is fused. As shown in Section IV. A., the translational open reading 
frame (ORF) of 5-1-1 encodes epitope(s) specifically recognized by sera from patients and chimpanzees with NANBH 
infections. 

45 IV.A.3. Isolation of Overlapping HCV cDNA to cDNA in Clone 5-1-1 . 

[021 5] Overlapping HCV cDN A to the cDNA in clone 5-1-1 was obtained by screening the same Iambda-gt1 1 library, 
created as described in Section IV.A.1., with a synthetic polynucleotide derived from the sequence of the HCV cDNA 
In dones 5-1 -1 , as shown in Fig. 1 . The sequence of the polynucleotide used for screening was: 

50 

5'-TCC CTT GCT CGA TGT ACG GTA AGT GCT GAG AGC 
ACT CTT CCA TCT CAT CGA ACT CTC GGT AGA GGA CTT CCC TGT 
55 CAG GT-3' . 

The lambda-gt11 library was screened with this probe, using the method described in Huynh (1985). Approximately 1 
in 50,000 clones hybridized with the probe. Three clones which contained cDNAs which hybridized with the synthetic 



25 



EP00031821 6 fhttp://www.getthep^^ Pa ^ e 26 of 11 



EP 0 318 216 B2 

probe have been numbered 81 , 1 -2 : and 91 . 

IV.A.4. Nucleotide Sequences of Overlapping HCV cDNAs to cDNA In Clone 5-1-1. 

5 [0216] The nucleotide sequences of the three cDNAs In clones 81 , 1-2, and 91 were determined essentially as In 
Section IV.A.2. The sequences of these clones relative to the HCV cDNA sequence in phage 5-1 -1 is shown in Fig. 2, 
which shows the strand encoding the detected HCV epitope, and where the homologies in the nucleotide sequences 
are Indicated by vertical lines between the sequences. 

[0217] The sequences of the cloned HCV cDNAs are highly homologous in the overlapping regions (see Fig. 2). 
10 However, there are differences in two regions. Nucleotide 67 in clone 1-2 is a thymidine, whereas the other three clones 
contain a cytidine residue in this position. It should be noted, however, that the same amino acid is encoded when 
either C or T occupies this position. 

[0218] The second difference Is that clone 5-1-1 contains 28 base pairs which are not present In the other three 
clones. These base pairs occur at the start of the cDNA sequence in 5-1 -1 , and are indicated by small letters. Based 
15 on radioimmunoassay data, which is discussed infra in Section IV.D., it is possible that an HCV epitope may be encoded 
in this 28 bp region. 

[0219] The absence of the 28 base pairs of 5-1-1 from clones 81 , 1 -2, and 91 may mean that the cDNA in these 
clones were derived from defective HCV genomes; alternatively, the 28 bp region could be a terminal artifact in clone 
5-1-1. 

20 [0220] The sequences of small letters in the nucleotide sequence of clones 81 and 91 simply indicate that these 
sequences have not been found in other cDNAs because cDNAs overlapping these regions were not yet isolated. 
[0221] A composite HCV cDNA sequence derived from overlapping cDNAs in clones 5-1 -1 , 81 , 1-2 and 91 is shown 
in Fig. 3. However, in this figure the unique 28 base pairs of clone 5-1 -1 are omitted. The figure also shows the sequence 
of the polypeptide encoded within the ORF of the composite HCV cDNA. 

25 

IVA5. Isolation of Overlapping HCV cDNAs to cDNA in Clone 81 . 

[0222] The isolation of HCV cDNA sequences upstream of, and which overlap those in clone 81 cDNA was accom- 
plished as follows. The Iambda-gt11 cDNA library prepared as described in Section IV.A.1 . was screened by hybrid!- 
30 zation with a synthetic polynucleotide probe which was homologous to a 5' terminal sequence of clone 81. The sequence 
of clone 81 is presented in Fig. 4. The sequence of the synthetic polynucleotide used for screening was: 

5, Cra TCA GQT ATQ ATT QCC GGC TTC CCQ QAC 3\ 

35 The methods were essentially as described in Huynh (1 985), except that the library filters were given two washes under 
stringent conditions, I.e., the washes were in 5 x SSC, 0.1% SDS at 55°C for 30 minutes each. Approximately 1 In 
50,000 clones hybridized with the probe. A positive recombinant phage which contained cDNA which hybridized with 
the sequence was isolated and purified. This phage has been numbered clone 36. 

[0223] Downstream cDNA sequences, which overlaps the carboxyl-end sequences in clone 81 cDNA were isolated 
40 using a procedure similar to that for the isolation of upstream cDN A sequences, except that a synthetic oligonucleotide 
probe was prepared which Is homologous to a 3* terminal sequence of clone 81 . The sequence of the synthetic poly- 
nucleotide used for screening was: 

6' TTT QGC TAG TGG TTA GTG GGC TGG TGA CAG 3' 

45 

A positive recombinant phage, which contained cDNA which hybridized with this latter sequence was isolated and 
purified, and has been numbered clone 32. 

IV. A. 6. Nucleotide Sequence of HCV cDNA in Clone 36. 

so 

[0224] The nucleotide sequence of the cDNA in clone 36 was determined essentially as described in Section IV.A. 
2. The double-stranded sequence of this cDNA, its region of overlap with the HCV cDNA in clone 81 , and the polypeptide 
encoded by the ORF are shown in Fig. 5. 

[0225] The ORF in clone 36 is in the same translation^ frame as the HCV antigen encoded in clone 81. Thus, in 
55 combination, the ORFs in clones 36 and 81 encode a polypeptide that represents part of a large HCV antigen. The 
sequence of this putative HCV polypeptide and the double stranded DNA sequence encoding it, which is derived from 
the combined ORFs of the HCV cDNAs of clones 36 and 81 , is shown in Fig. 6. 
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IV.A.7 Nucleotide Sequences of HCV cDNA in Clone 32 

[0226] The nucleotide sequence of the cDN A in clone 32 was determined essentially as was th at described in Section 
IVA2 for the sequence of clone 5-1-1 . The sequence data indicated that the cDNA in clone 32 recombinant phage 

5 was derived from two different sources. One fragment of the cDNA was comprised of 418 nucleotides derived from 
the HCV genome; the other fragment was comprised of 1 72 nucleotides derived from the bacteriophage MS2 genome, 
which had been used as a carrier during the preparation of the lambda gt11 plasma cDNA library. 
[0227] The sequence of the cDNA in clone 32 corresponding to that of the HCV genome Is shown in Fig. 7. The 
region of the sequences that overlaps that of clone 81 , and the polypeptide encoded by the ORF are also indicated in 

10 the figure. This sequence contains one continuous ORF that is in the same translations frame as the HCV antigen 
encoded by clone 81 . 

IV.A.8 Isolation of Overlapping HCV cDNA to cDNA In Clone 36 

15 [0228] The isolation of HCV cDNA sequences upstream of, and which overlap those in clone 36 cDNA was accom- 
plished as described in Section I V.A.5, for those which overlap clone 81 cDNA, except that the synthetic polynucleotide 
was based on the 5'-region of clone 36. The sequence of the synthetic polynucleotide used, for screening was: 



20 



25 



40 



45 



5 r AAG CCA CCQ TGT GCG CTA G6G CTC AAG CCC 3* 

Approximately 1 in 50,000 clones hybridized with the probe. The isolated, purified clone of recombinant phage which 
contained cDNA which hybridized to this sequence was named clone 35. 

IV.A.9 Nucleotide Sequence of HCV cDNA in Clone 35 



[0229] The nucleotide sequence of the cDNA in clone 35 was determined essentially as described in Section IV.A. 
2. The sequence, its region of overlap with that of the cDNA in clone 36, and the putative polypeptide encoded therein, 
are shown in Fig. 8. 

[0230] Clone 35 apparently contains a single, continuous ORF that encodes a polypeptide In the same translational 
30 frame as that encoded by clone 36, clone 81 , and clone 32. Fig. 9 shows the sequence of the long continuous ORF 
that extends through clones 35, 36, 81 , and 32, along with the putative HCV polypeptide encoded therein. This com- 
bined sequence has been confirmed using other Independent cDNA clones derived from the same lambda gt11 cDNA 
library. 

35 IV-A-1 0. Isolation of Overlapping HCV cDNA to cDNA in Clone 35 

[0231] The isolation of HCV cDNA sequences upstream of, and which overlap those in clone 35 cDNA was accom- 
plished as described in Section I V.A.8, for those which overlap clone 36 cDNA, except that the synthetic polynucleotide 
was based on the 5'-reglon ot clone 35. The sequence of the synthetic polynucleotide used for screening was: 



5' CAG GAT GCT GTC TCC CGC ACT CAA CGT 3* 

Approximately 1 in 50,000 clones hybridized with the probe. The isolated, purified clone of recombinant phage which 
contained cDNA which hybridized to this sequence was named clone 37b. 



IV.A.11 . Nucleotide Sequence of HCV in Clone 37b 

[0232] The nucleotide sequence of the cDNA in clone 37b was determined essentially as described in Section IV.A. 
2. The sequence, its region of overlap with that of the cDNA in clone 35, and the putative polypeptide encoded therein, 
so are shown in Fig. 10. 

[0233] The S'-terminal nucleotide of clone 35 Is a T, whereas the corresponding nucleotide In clone 37b Is an A. The 
cDNAs from three other independent clones which were isolated during the procedure in which clone 37b was isolated, 
described in Section IV.A.10, have also been sequenced. The cDNAs from these clones also contain an A in this 
position. Thus, the S'-terminal T in clone 35 may be an artefact of the cloning procedure. It is known that artefacts often 
55 arise at the 5' -termini of cDNA molecules. 

[0234] Clone 37b apparently contains one continuous ORF which encodes a polypeptide which is a continuation of 
the polypeptide encoded in the ORF which extends through the overlapping clones 35, 36, 81 and 32. 
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IV. A. 1 2 Isolation of Overlapping HCV cDNA to cDNA In Clone 32 

[0235] The isolation of HCV cDNA sequences downstream of clone 32 was accomplished as follows. First, clone cla 
was isolated utilizing a synthetic hybridization probe which was based on the nucleotide sequence of the HCV cDNA 
s sequence In clone 32. The method was essentially that described In Section 1V.A.5, except that the sequence of the 
synthetic probe was: 

3' AOT GCA GTG GAT GAA CCG GOT GAT AGC CTT 3\ 

10 Utilizing the nucleotide sequence from clone cla, another synthetic nucleotide was synthesized which had the se- 
quence: 

5* TCC TGA GGC GAC TGC ACC AGT GGA TAA GOT 3'. 

15 Screening of the lambda gt11 library using the clone cla derived sequence as probe yielded approximately 1 in 50,000 
positive colonies. An isolated, purified clone which hybridized with this probe was named clone 33b. 

IV. A. 1 3 Nucleotide Sequence of HCV cDNA in Clone 33b 

20 [0236] The nucleotide sequence of the cDNA In clone 33b was determined essentially as described in Section IV.A. 
2. The sequence, its region of overlap with that of the cDNA in clone 32, and the putative polypeptide encoded therein, 
are shown In Fig. 11 . 

[0237] Clone 33b apparently contains one continuous ORF which is an extension of the ORFs in overlapping clones 
37b, 35, 36, 81 and 32. The polypeptide encoded in clone 33b is In the same translatlona! frame as that encoded in 
25 the extended ORF of these overlapping clones. 

IV.A. 1 4 Isolation of Overlapping HCV cDNAs to cDNA Clone 37b and to cDNA in Clone 33b 

[0238] In order to Isolate HCV cDNAs which overlap the cDNAs in clone 37b and In clone 33b, the following synthetic 
30 oligonucleotide probes, which were derived from the cDNAs in those clones, were used to screen the lambda gt11 
library, using essentially the method described in Section IV.A.3. The probes used were: 



5' CAG GAT GCT GTC TCC CGC ACT CAA CGT C 3' 



and 

40 

5' TCC TGA GGC GAC TGC ACC AGT GGA TAA GCT 3' 

to detect colonies containing HCV cDNA sequences which overlap those In clones 37b and 33b, respectively. Approx- 
« imately 1 in 50,000 colonies were detected with each probe. A clone which contained cDNA which was upstream of, 
and which overlapped the cDNA In clone 37b, was named clone 40b. A clone which contained cDNA which was down- 
stream of, and which overlapped the cDNA in clone 33b was named clone 25c. 

IV.A. 1 5 Nucleotide Sequences of HCV cDNA in clone 40b and in clone 25c 

so 

[0239] The nucleotide sequences of the cDNAs In clone 40b and In clone 25c were determined essentially as de- 
scribed in Section IV.A.2. The sequences of 40b and 25c, their regions of overlap with the cDNAs in clones 37b and 
33b, and the putative polypeptides encoded therein, are shown in Fig. 12 (clone 40b) and Fig. 13 (clone 25c). 
[0240] The S'-terminal nucleotide of clone 40b is a G. However, the cDNAs from five other independent clones which 
55 were isolated during the procedure in which clone 40b was isolated, described in Section IV.A. 14, have also been 
sequenced. The cDNAs from these clones also contain a T in this position. Thus, the G may represent a cloning artifact 
(see the discussion in Section IV.A. 11). 

[0241] The 5'-terminus of clone 25c Is ACT, but the sequence of this region In clone cla (sequence not shown), and 
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In clone 33b Is TCA. This difference may also represent a cloning artifact, as may the 28 extra 5'-terminal nucleotides 
in done 5-1-1 . 

[0242] Clones 40b and 25c each apparently contain an ORF which Is an extension of the continuous ORF In the 
previously sequenced clones. The nucleotide sequence of the ORF extending through clones 40b, 37b, 35, 36, 81 , 
5 32, 33b, and 25c, and the amino acid sequence of the putative polypeptide encoded therein, are shown In Fig. 14. In 
the figure, the potential artifacts have been omitted from the sequence, and instead, the corresponding sequences in 
non-5'-terminal regions of multiple overlapping clones are shown. 

IV.A.16. Preparation of a Composite HCV cDNA from the cDNAs in Clones 36, 81 , and 32 

10 

[0243] The composite HCV cDNA, C100, was constructed as follows. First the cDNAs from the clones 36, 81 , and 
32 were excised with EcoRI. The EcoRI fragment of cDNA from each clone was cloned individually into the EcoRl site 
of the vector pGEM3-blue (Promega Biotec). The resulting recombinant vectors which contained the cDNAs from 
clones 36, 81 , and 32 were named pGEM3-blue/36, pGEM3-blue/81 , and pGEM3-blue/32, respectively. The appro- 
is prlately oriented recombinant of pGEM3-blue/81 was digested with Nael and Narl t and the large (-2850bp) fragment 
was purified and ligated with the small (~570bp) Nael/Narl purified restriction fragment from pGEM3-blue/36. This 
composite of the cDNAs from clones 36 and 81 was used to generate another pGEM3-blue vector containing the 
continuous HCV ORF contained within the overlapping cDNA within these clones. This new pfasmid was then digested 
with Pvull and EcoRI to release a fragment of approximately 680bp, which was then ligated with the small (580bp) 
20 Pvull/EcoRI fragment isolated from the appropriately oriented pGEM3-blue/32 plasmid, and the composite cDNA from 
clones 36, 81 , and 32 was ligated into the EcoRI linearized vector pSODcf 1 , which is described in Section IV.B.1 , and 
which was used to express clone 5-1-1 In bacteria. Recombinants containing the -1270bp EcoRI fragment of composite 
HCVcDNA(C100) were selected, and the cDNA from theplasmids was excised with EcoRI and purified. 

25 IV.A.1 7. Isolation and Nucleotide Sequences of HCVcDNAs In Clones 141, 1 1 b ; 7f , 7e, 8h, 33c, 14c, 8f, 33f, 33g ; and 39c 

[0244] The HCV cDNAs In clones 141, 11b, 7f, 7e, 8h, 33c, 14c, 8f, 33f, 33g, and 39c were Isolated by the technique 
of isolating overlapping cDNA fragments from the lambda gt11 library of HCV cDNAs described in Section IV.A.1 .. The 
technique used was essentially as described In Section IV.A.3., except that the probes used were designed from the 

30 nucleotide sequence of the last isolated clones from the 5' and the 3' end of the combined HCV sequences. The 
frequency of clones which hybridized with the probes described below was approximately 1 in 50,000 in each case. 
[0245] The nucleotide sequences of the HCV cDNAs in clones 141, 7f, 7e, 8h, 33c, 14c, 8f, 33f, 33g, and 39c were 
determined essentially as described in Section I V.A.2., except that the cDNA excised from these phages were substi- 
tuted for the cDNA isolated from clone 5-1 -1 . 

35 [0246] Clone 33c was isolated using a hybridization probe based on the sequence of nucleotides in clone 40b. The 
nucleotide sequence of clone 40b Is presented In Fig. 12. The nucleotide sequence of the probe used to isolate 33c was: 

5' ATC AGO ACC GGG GTG AGA ACA ATT ACC ACT 3' 

*o The sequence of the HCV cDNA in clone 33c, and the overlap with that in clone 40b, is shown in Fig. 15, which also 
shows the amino acids encoded therein. 

[0247] Clone 8h was isolated using a probe based on the sequence of nucleotides in clone 33c. The nucleotide 
sequence of the probe was 

45 5' AGA GAC AAC CAT GAG GTC CCC GGT GTT C 3'. 

The sequence of the HCV cDNA in clone Bh, and the overlap with that in clone 33c, and the amino acids encoded 
therein, are shown in Fig. 16. 

[0248] Clone 7e was isolated using a probe based on the sequence of nucleotides in clone 8h. The nucleotide so- 
so quence of the probe was 



5* TCG GAC CTT TAC CTG GTC ACG AGG CAC 3'. 

55 The sequence of HCV cDNA in clone 7e, the overlap with clone 8h, and the amino acids encoded therein, are shown 
in Fig. 17. 

[0249] Clone 14c was isolated with a probe based on the sequence of nucleotides in clone 25c. The sequence of 
clone 25c is shown in Fig. 13. The probe in the isolation of clone 14c had the sequence 
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5' ACC TTC CCC ATT AAT GCC TAC ACC ACQ GGC 3*. 

The sequence of HCV cDNA in clone 14c, its overlap with that in clone 25c, and the amino acids encoded therein are 
shown in Fig, 18. 

5 [0250] Clone 8f was Isolated using a probe based on the sequence of nucleotides in clone 14c. The nucleotide 
sequence of the probe was 

5* TCC ATC TCT CAA GGC AAC TTG CAC CGC TAA 3\ 

10 The sequence of HCV cDNA In clone 8f, Its overlap with that in clone 14c, and the amino acids encoded therein are 
shown in Fig. 19. 

[0251] Clone 33f was isolated using a probe based on the nucleotide sequence present In done 8f. The nucleotide 
sequence of the probe was 

15 S. TCC ATG OCT GTC CGC TTC CAC CTC CAA AGT 3*. 

The sequence of HCV cDNA in clone 33f, Its overlap with that in clone 8t, and the amino acids encoded therein are 
shown in Fig. 20. 

[0252] Clone 33g was isolated using a probe based on the sequence of nucleotides in clone 331 The nucleotide 
20 sequence of the probe was 

5* GCG ACA ATA CGA CAA CAT CCT CTG AGC CCG 3'. 

The sequence of HCV cDNA In clone 33g, its overlap with that in clone 33f t and the amino acids encoded therein are 
25 shown in Fig. 21 . 

[0253] Clone 7f was isolated using a probe based on the sequence of nucleotides in clone 7e. The nucleotide se- 
quence of the probe was 

5' AGC AGA CAA GGG GCC TCC TAG GGT GCA TAA T 3*. 

30 

The sequence of HCV cDNA in clone 7f, its overlap with clone 7e, and the amino acids encoded therein are shown in 
Fig. 22. 

[0254] Clone 1 1 b was isolated using a probe based on the sequence of clone 7f . The nucleotide sequence of the 
probe was 

35 

5' CAC CTA TGT TTA TAA CCA TCT CAC TCC TCT 3'. 

The sequence of HCV cDNA in clone 11b, its overlap with clone 7f s and the amino acids encoded therein are shown 
in Fig. 23. 

40 [0255] Clone 14i was isolated using a probe based on the sequence of nucleotides in clone 11b. The nucleotide 
sequence of the probe was 

S* CTC TGT CAC CAT ATT ACA AGC GCT ATA TCA 3*. 

45 The sequence of HCV cDN A in clone 1 4i, its overlap with 1 1 b, and the amino acids encoded therein are shown in Fig. 24. 
[0256] Clone 39c was isolated using a probe based on the sequence of nucleotides in clone 33g. The nucleotide 
sequence of the probe was 

5* CTC GTT GCT ACG TCA CCA CAA TTT GGT GTA 3' 

50 

The sequence of HCV cDNA in clone 39c, Its overlap with clone 33g, and the amino acids encoded therein are shown 
in Fig. 25. 

IVA 1 8. The Composite HCV cDNA Sequence Derived from Isolated Clones Containing HCV cDNA 

55 

[0257] The HCV cDNA sequences in the isolated clones described supra have been aligned to create a composite 
HCV cDNA sequence. The isolated clones, aligned in the 5' to 3' direction are; 14i, 7f, 7e, 8h, 33c, 40b, 37b, 35, 36, 
81 , 32, 33b, 25c, 14c, 8f, 33f, 33g, and 39c. 
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[0258] A composite HCV cDNA sequence derived from the isolated clones, and the amino acids encoded therein, 
is shown in Fig. 26. 

[0259] In creating the composite sequence the following sequence heterogeneities have been considered. Clone 
33c contains an HCV cDNA of 800 base pairs, which overlaps the cDNAs in clones 40b and 37c. In clone 33c, as well 
5 as in 5 other overlapping clones, nucleotide #789 is a G. However, in clone 37b (see Section IV.A. 11), the corresponding 
nucleotide is an A, This sequence difference creates an apparent heterogeneity in the amino acids encoded therein, 
which would be either CYS or TYR, for G or A, respectively. This heterogeneity may have important ramifications in 
terms of protein folding. 

[0260] Nucleotide residue #2 in clone 8h HCV cDNA is a T. However, as shown infra, the corresponding residue in 
10 clone 7e is an A; moreover, an A in this position is also found In 3 other Isolated overlapping clones. Thus, theT residue 

in clone 8h may represent a cloning artifact. Therefore, in Fig. 26, the residue in this position is designated as an A. 

[0261] The 3'-terminal nucleotide in clone 8f HCV cDNA is a G. However, the corresponding residue In clone 33f, 

and in 2 other overlapping clones is a T. Therefore, In Fig. 26, the residue in this position is designated as a T. 

[0262] The 3' -terminal sequence in clone 33f HCV cDNA is TTGC. However, the corresponding sequence in clone 
is 33g and In 2 other overlapping clones Is ATTC. Therefore, In Fig. 26, the corresponding region Is represented as ATTC. 

[0263] Nucleotide residue #4 in clone 33g HCV cDN A is a T. However, in clone 33f and in 2 other overlapping clones 

the corresponding residue Is an A. Therefore, in Fig. 26, the corresponding residue is designated as an A. 

[0264] The 3'-terminus of clone 1 4i is an AA, whereas the corresponding dinucleotide in clone 11b, and in three other 

clones, is TA. Therefore, in Fig. 26, the TA residue is depicted. 
20 [0265] The resolution of other sequence heterogeneities is discussed supra. 

[0266] An examination of the composite HCV cDNA indicates that it contains one large GRF. This suggests that the 

viral genome Is translated Into a large polypeptide which Is processed concomitant with, or subsequent to translation. 

IV.A. 19. Isolation and Nucleotide Sequences of HCVcDNAs in Clones 12f, 35f, 19g, 26g, and 15e 

25 

[0267] The HCV cDNAs in clones 12f, 35f, 19g, 26g, and 15e were isolated essentially by the technique described 
in Section IV. A.1 7, except that the probes were as Indicated below. The frequency of clones which hybridized with the 
probes was approximately 1 in 50,000 in each case. The nucleotide sequences of the HCV cDNAs in these clones 
were determined essentially as described in Section IV.A.2., except that the cDNA from the indicated clones were 
3Q substituted for the cDNA isolated from clone 5-1 -1 . 

[0268] The isolation of clone 12f, which contains cDNA upstream of the HCV cDNA in Fig. 26, was accomplished 
using a hybridization probe based on the sequence of nucleotides in clone 1 41. The nucleotide sequence of the probe 
was 

35 5 « TQC TTQ TOO ATG ATQ CTA CTC ATA TCC CAA 3*. 

The HCV cDNA sequence of clone 12f, its overlap with clone 14i, and the amino acids encoded therein are shown in 
Fig. 27. 

[0269] The Isolation of clone 3Sf , which contains cDNA downstream of the HCV cDNA In Fig. 26, was accomplished 
40 using a hybridization probe based on the sequence of nucleotides in clone 39c. The nucleotide sequence of the probe 
was 

5* AGC AGC GGC GTC AAA AGT GAA GGC TAA CTT 3'. 

45 

The sequence of clone 35f, its overlap with the sequence in clone 39c, and the amino acids encoded therein are shown 
in Fig. 28. 

[0270] The isolation of clone 19g was accomplished using a hybridization probe based on the 3' sequence of clone 
35f . The nucleotide sequence of the probe was 

50 

5' TTC TCG TAT GAT ACC CGC TGC TTT GAC TCC 3'. 

The HCV cDNA sequence of clone 19g, its overlap with the sequence in clone 35f, and the amino acids encoded 
therein are shown in Fig. 29. 

55 [0271] The isolation of clone 26g was accomplished using a hybridization probe based on the 3' sequence of clone 
19g. The nucleotide sequence of the probe was 

5* TGT <3TQ <3C<3 ACO ACT TAG TCG TTA TCT OTG 3'. 
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The HCV cDNA sequence of clone 26g, Its overlap with the sequence In clone 19g, and the amino acids encoded 
therein are shown in Fig. 30. 

[0272] Clone 15e was Isolated using a hybridization probe based on the 3' sequence of clone 26 g. The nucleotide 
sequence of the probe was 

5 

5' CAC ACT CCA GTC AAT TCC TGG CTA QQC AAC 3'. 

The HCV cDNA sequence of clone 15e, Its overlap with the sequence In clone 26g, and the amino acids encoded 
therein are shown in Fig. 31. 

10 [0273] The clones described in this Section have been deposited with the ATCC under the terms and conditions 
described in Section II A. f and have been assigned the following Accession Numbers. 



is 



Iambda-gt1 1 


ATCC No. 


Deposit Date 


clone 12f 


40514 


10 November 1988 


clone 35f 


40511 


10 November 1988 


clone 15e 


40513 


10 November 1988 


clone k9-1 


40512 


10 November 1988 



20 [0274] The HCV cDNA sequences in the Isolated clones described supra, have been aligned to create a composite 
HCV cDNA sequence. The isolated clones, aligned in the 5, to 3' direction are: I2f, 14i, 7f, 7e, 8h, 33c, 40b, 37b, 35, 
36, 81 , 32, 33b, 25c r 14c, 8f 33f, 33g, 39c, 35f, 19g, 26g, and 15e. 

[0275] A composite HCV cDNA sequence derived from the Isolated clones, and the amino acids encoded therein, 
is shown in Fig. 32. 

25 

IV.A.20. Alternative Method of Isolating cDNA Sequences Upstream of the HCV cDNA Sequence in Clone 12f 

[0276] Based on the most 5' HCV sequence in Fig. 32, which is derived from the HCV cDNA in clone 12f, small 
synthetic oligonucleotide primers of reverse transcriptase are synthesized and used to bind to the corresponding se- 

30 quence in HCV genomic RNA, to prime reverse transcription of the upstream sequences. The primer sequences are 
proximal to the known 5'-terminal sequence of clone 12f, but sufficiently downstream to allow the design of probe 
sequences upstream of the primer sequences. Known standard methods of priming and cloning are used. The resulting 
cDNA libraries are screened with sequences upstream of the priming sites (as deduced from the elucidated sequence 
in clone 1 2f). The HCV genomic RNA is obtained from either plasma or liver samples from chimpanzees with NANBH, 

35 or from analogous samples from humans with NANBH. 

IV.A.21 . Alternative Method Utilizing Tailing to Isolate Sequences from the 5'-Terminal Region of the HCV Genome 

[0277] In order to Isolate the extreme S'-termlnal sequences of the HCV RNA genome, the cDNA product of the first 
4 ° round of reverse transcription, which is duplexed with the template RNA, is tailed with oligo C. This is accomplished 
by incubating the product with terminal transferase in the presence of CTP. The second round of cDNA synthesis, 
which yields the complement of the first strand of cDNA, is accomplished utilizing oligo G as a primer for the reverse 
transcriptase reaction. The sources of genomic HCV RNA are as described in Section IV.A.20. The methods for tailing 
with terminal transferase, and forthe reverse transcriptase reactions are as in Maniatis et al. (1 982). ThecDNA products 
45 are then cloned, screened, and sequenced. 

IV.A.22. Alternative Method Utilizing Tailing to Isolate Sequences from the 3'-Tarmlnal Region of the HCV Genome 

[0278] This method is based on previously used methods for cloning cDNAs of Flavlvlrus RNA. In this method, the 
50 RNA is subjected to denaturing conditions to remove secondary structures at the 3' -terminus, and is then tailed with 
Poly A polymerase using rATP as a substrate. Reverse transcription of the poly A tailed RNA (s catalyzed by reverse 
transcriptase, utilizing oligo dT as a primer. The second strands of cDNA are synthesized, the cDNA products are 
cloned, screened, and sequenced. 

« IV.A.23 Creation of Lambda-gt11 HCV cDNA Libraries Containing Larger cDNA Inserts 

[0279] The method used to create and screen the Lambda gt1 1 libraries are essentially as described in Section IV. 
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A.1 except that the library Is generated from a pool of larger size cDNAs eluted from the Sepharose CL-4B column. 

IV.A.24. Creation of HCV cDNA Libraries Using Synthetic Oligomers as Primers 

s [0280] New HCV cDNA libraries have been prepared from the RNA derived from the infectious chimpanzee plasma 
pool described in Section IV. A.1 and from the poly A + RNA fraction derived from the liver of this infected animal. The 
cDNA was constructed essentially as described by Gubler and Hoffman (1983), except that the primers for the first 
cDNA strand synthesis were two synthetic oligomers based on the sequence of the HCV genome described supra. 
Primers based on the sequence of clone 11 b and 7e were, respectively, 

10 

5' CTG GCT TGA AGA ATC 3' 

15 and 



5 ' AGT TAG GCT GGT GAT TAT GC 3\ 

The resulting cDNAs were cloned Into lambda bacteriophage vectors, and screened with various other synthetic oli- 
gomers, whose sequences were based on the HCV sequence in Fig. 32. 

25 iv. B. Expression of Polypeptides Encoded Within HCV cDNAs and Identification of the Expressed Products as HCV 
Induced Antigens. 

IV.B.1 . Expression of the Polypeptide Encoded in Clone 5-1 -1 . 

30 [0281] The HCV polypeptide encoded within clone 5-1-1 (see Section IV.A.2., supra) was expressed as a fusion 
polypeptide with superoxide dismutase (SOD). This was accomplished by subcloning the clone 5-1-1 cDNA insert into 
the expression vector pSODcfl (Stelmer et al. (1986)) as follows. 

[0282] First, DNA isolated from pSODcfl was treated with BamHI and EcoRI, and the following linker was ligated 
into the linear DNA created by the restriction enzymes: 

35 

5' GAT CCT GGA ATT CTG ATA A 3' 
3' GA CCT TAA GAC TAT TTT AA 5' 

40 

After cloning, the plasmld containing the insert was isolated. 

[0283] Plasmid containing the insert was restricted with EcoRI. The HCV cDNA insert in clone 5-1-1 was excised 
with EcoRI, and ligated into this EcoRI linearized plasmid DNA. The DNA mixture was used to transform E. coji strain 
D1210 (Sadler et ah (1980)). Recombinants with the 5-1-1 cDNA in the correct orientation for expression of the ORF 
45 shown in Fig. 1 were identified by restriction mapping and nucleotide sequencing. 

[0284] Recombinant bacteria from one clone were Induced to express the SOD-NANB 5 . 1 . 1 polypeptide by growing 
the bacteria in the presence of IPTG. 

IV.B.2. Expression of the Polypeptide Encoded in Clone 81 . 

50 

[0285] The HCV cDNA contained within clone 81 was expressed as a SOD-NANB fl1 fusion polypeptide. The method 
for preparing the vector encoding this fusion polypeptide was analogous to that used for the creation of the vector 
encoding SOD-NANBg^.,, except that the source of the HCV cDNA was clone 81 , which was Isolated as described In 
Section IV.A.3, and for which the cDNA sequence was determined as described in Section IVA4. The nucleotide 
55 sequence of the HCV cDNA in clone 81 , and the putative amino acid sequence of the polypeptide encoded therein are 
shown in Fig. 4. 

[0286] The HCV cDNA insert in clone 81 was excised with EcoRI, and ligated into the pSODcfl which contained the 
linker (see IV.B.1 .) and which was linearized by treatment with EcoRI. The DNA mixture was used to transform E. coll 
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35 



40 



45 



SO 



55 



strain D1210. Recombinants with the clone 81 HCV cDNA In the correct orientation for expression of the ORF shown 
in Fia 4 were identified by restriction mapping and nucleotide sequencing. 

IS Recombinant bacteria from one clone were Induced to express the SOD-NANB 81 potypeptide by growmg the 
bacteria in the presence of IPTG. 

, VB 3 identification of the Polypeptide Encode d Within Clone 5-1-1 as an HCV and NANBH Associated Antigen. 

r02881 The polypeptide encoded within the HCV cDNA of clone 5-1 -1 was identified as a NANBH associated antigen 
by demonstrating that sera of chimpanzees and humans infected with NANBH reacted immunologrcally wrth the fusion 
Dolvpeptide SOD-NANBj , „ which is comprised of superoxide dismutase at its N-term.nus and the In-frame 5-1-1 
antSen at rts C-terminus Th s was accomplished by "Western" blotting (Towbin et al. (1 979)) as to lows. 
foS Afecomblnantstrainofbacteriatmnsfo 

tide described In Section IV.B.I, was Induced to express the fusion polypeptide by growth in the presence of IPTG. 
Total bacterial lysate was subjected to electrophoresis through polyacrylamide gels in the presence of SDS according 
SSJ^9W?ri separated polypeptides were transferred onto nitrocellulose inters (Towbin et al. (1 979». The 
Severe then cut into thin strips, and the strips were incubated individually with the different chimpanzee and human 
se^ Bouni antSodies were detected by further incubation with ^.-labeled sheep anti-human Ig. as described In 

ST The characterization of the chimpanzee sera used for the Western blots and the results, shown in the photo- 
nraph of the autoradiographed strips, are presented In Fig. 33. Nitrocellulose strips containing polypeptides were ,n- 
Sed wim sta denied from chimpanzees at different times during acute NANBH (Hutoh.nson s ram) infections 
SmSm-JJ hepatitis A infections (lanes 17-24, and 26-33), and hepatitis B infections (lanes 34-44) Lanes 25 and 
% show poattL controls in which the immunoblots were incubated wrth serum from the patient used to identify the 
recombinant clone 5-1-1 in the original screening of the Iambda-gt11 cDNA library (see Section IV.A.1.) 
02 9 T] riband visible in the control ,anes, 25 and 45, In Fig. 23 reflects the binding of antibodies to the NANB^ 
moiety of the SOD fusion polypeptide. These antibodies do not exhibit binding to SOD alone, s.nce this has a so been 
Sid as a negative control In these samples, and would have appeared as a band migrating significantly faster 

ustpriorto infection with NANBH. and sequentially during acute infection. As ^" frOTthefi 9 urc ' whe ^^ 
which reacted immunologically with the SOD-NANB^., polypeptide were absent in sera samples obtained before 

ScS 
ontheS 

rOMSTcontraattothe results obtained with sera from chimps infected with NANBH, the development oart^ 
o the NANB," moiety of the fusion polypeptide was not observed in 4 chimpanzees infected wrth HAV or 3 chim- 
panzees infected with HBV. The onfy binding in these cases was background binding to the host bacterial proteins, 

which also occurred in the HCV infected samples. 

WM1 The characterization of the human sera used for the Western blots, and the results, which are shown In the 
ohotooraph of the autoradiographed strips, are presented in Fig. 34. Nitrocellulose strips containing polypeptides were 
incubSi ser^ derived ?from humans at different times during infections with NANBH (lanes 1-21), HAV (lanes 
3^40) and HBV (lanes 41 -49). Lanes 25 and 50 showpositive controls in which the immunoblots were incubated with 
Sri from patient used in the original screening of the Iambda-gt11 library, described supra. Lanes 22-24 and 26-32 
show "non-Infected" controls In which the sera was from "normal" blood donors. ...... 

[0295] As seen in Fig. 34. sera from nine NANBH patients, including the serum used for screening the lanibdagtll 
bra? conLined antibodies to the NANB^., moiety of the fusion polypeptide. Sera from three patients wi h NANBH 
dW not contain these antibodies. It is possible that the anti-NANB^,., antibodies will develop at a future date m these 
pmients ins also possible that this lack of reaction resulted from a different NANBV agent being causative of the 
disease In the Individuals from which the non-responding serum was taken. . A1 ., 0 

J£q Fig 34 also shows that sera from many patients infected wrth HAV and HBV did not «*™*«™™ 
antibodies and that these antibodies were also not present in the sera from "normal" controls^ Although one HAV 
palS f Jane 36) appears to contain anti-NANB, n , antibodies, it is possible that this patient had been previously 
Infected wrth HCV. since the Incidence of NANBH is very high and since it is often subclinical 
[0297] These serological studies indicate that the cDNA in clone 5-1-1 encodes epitopes which are recogmzed spe- 
crfical y by sera from patients and animals infected with BB-NANBV. In addition, the cDNA does not appear -to be 
de3 from the primate genome. A hybridization probe made from clone 5-1-1 or from clone 81 did not hybridize to 
SiTbS of controlhuman and chimpanzee genomic DNA from uninfected individuals under conditions where 
Se X le^opy genes are detectable. These probes also did not hybridize to Southern blots of control bovine 
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genomic DNA. 

IV.B.4. Expression of the Polypeptide Encoded In a Composite of the HCV cDNAs in Clones 36, 81 and 32 

5 [0298] The HCV polypeptide which is encoded in the ORF which extends through clones 36, 81 and 32 was expressed 
as a fusion polypeptide with SOD. This was accomplished by inserting the composite cDNA, C100, into an expression 
cassette which contains the human superoxide dismutase gene, inserting the expression cassette into a yeast expres- 
sion vector, and expressing the polypeptide In yeast. 

[0299J An expression cassette containing the composite C100 cDNA derived from clones 36, 81 , and 32, was con- 
10 structed by inserting the -1 270bp EcoRI fragment into the EcoRI site of the vector pS3-56 (also called pS356), yielding 
the plasmid pS3-56 c100 . The construction of CI 00 is described in Section IV.A.16, supra. 

[0300] The vector pS3-56, which is a pBR322 derivative, contains an expression cassette which is comprised of the 
ADH2/GAPDH hybrid yeast promoter upstream of the human superoxide dismutase gene, and a downstream GAPDH 
transcription terminator. A similar cassette, which contains these control elements and the superoxide dismutase gene 
is has been described in Cousens et al. (1 987), and In copending application EPO 1 96,056, published October 1 , 1 986, 
which is commonfy owned by the herein assignee. The cassette in pS3-56, however, differs from that in Cousens et 
al. (1987) in that the heterologous prolnsulin gene and the immunoglobulin hinge are deleted, and in that the gln 154 of 
the superoxide dismutase is followed by an adaptor sequence which contains an EcoRI site. The sequence of the 
adaptor is: 

so 

5 f -AAT TTG GGA ATT CCA TAA TGA G -3' 

AC CCT TAA GGT ATT ACT CAG CT 

25 

The EcoRI site allows the insertion of heterologous sequences which, when expressed from a vector containing the 
cassette, yield polypeptides which are fused to superoxide dismutase via an oligopeptide linker containing the amino 
acid sequence: 

30 

-asn-leu-gly-ite-arg-. 

[0301] A sample of pS356 has been deposited on 29 April 1988 under the terms of the Budapest Treaty with the 
American Type Culture Collection (ATCC), 12301 Parklawn Dr., Rockvllle, Maryland 20853, and has been assigned 
35 Accession No. 67683. The terms and conditions for availability and access to the deposit, and for maintenance of the 
deposit are the same as those specified In Section H.A., for strains containing NAIMBV-cDNAs. This deposit Is intended 
for convenience only, and is not required to practice the present invention In view of the description here. The deposited 
material is hereby incorporated herein by reference. 

[0302] After recombinants containing the C1 00 cDNA Insert In the correct orientation were Isolated, the expression 
40 cassette containing the C100 cDNA was excised from pS3-56 cl0Q with BamHI, and a fragment of ~3400bp which 
contains the cassette was isolated and purified. This fragment was then inserted into the BamHI site of the yeast vector 
pAB24. 

[0303] Plasmid pAB24, the significant features of which are shown in Fig. 35, is a yeast shuttle vector which contains 
the complete 2 micron sequence for replication [Broach (1 981)] and pBR322 sequences. It also contains the yeast 

45 u RA3 gene derived from plasmid YEp24 [Botstein et al. (1 979)], and the yeast LEU 2 * gene derived from plasmid pC1/1 . 
EPO Pub. No. 116,201 . Plasmid pAB24 was constructed by digesting YEp24 with EcoRI and rellgating the vector to 
remove the partial 2 micron sequences. The resulting plasmid, YEP24deltaRI, was linearized by digestion with Clal 
and llgated with the complete 2 micron plasmid which had been linearized with Clal. The resulting plasmid, pCBou, 
was then digested with Xbal and the 8605 bp vector fragment was gel isolated. This isolated Xbal fragment was ligated 

50 with a 4460 bp Xbal fragment containing the LEU 2d gene isolated from pC1/1 ; the orientation of the LEU 2d gene is in 
the same direction as the URA3 gene. Insertion of the expression was in the unique BamHI site of the pBR322 se- 
quence, thus interrupting the gene for bacterial resistance to tetracycline. 

[0304] The recombinant plasmid which contained the SOD-C100 expression cassette, pAB24C100-3, was trans- 
formed into yeast strain JSC 308, as well as into other yeast strains. The cells were transformed as described by 
55 Hinnen et al. (1978), and plated onto ura-selective plates. Single colonies were inoculated into leu-selective media 
and grown to saturation. The culture was Induced to express the SOD-C100 polypeptide (called C100-3) by growth In 
YEP containing 1% glucose. 

[0305] Strain JSC 308 is of the genotype MAT @, Ieu2, ura3(del) DM1 5 (GAP/AD R1) Integrated at the ADR1 locus. 
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in JSC 308 over-expression of the positive activator gene product, ADR1 , results In hyperderepression (relative to an 
ADR1 wild'tVDe control) and significantly higher yields of expressed heterologous proteins when such proteins are 
I via an ADH2 UAS regulatory system. A sample of JSC 308 has been deposited on 5 May1988 with the 
ATCC under the conditions of the Budapest Treaty, and has been assigned Accession No. 20879. The terms and 
conditions for availability and access to the deposit, and for maintenance of the deposit are the same as those specified 
in Section H.A., for strains containing HCVcDNAs. ... 
[0306] Thecomplete C100-3 fusion polypeptide encoded in pAB24C100-3 should contain 154 ammo acids of human 
SOD at the amino-terminus, 5 amino acid residues derived from the synthetic adaptor coma ning the EcoRI si e, 363 
amino acid residues derived from C100 cDNA, and 5 carboxy-terminal amino acids derived from the MS2 nucleot.de 
sequence ad]olning the HCV CDNA sequence in clone 32. (See Section IV.A.7.) The putative amino acid sequence of 
the carboxy-terminus of this polypeptide, beginning at the penultimate Ala rescue of SOD, is shown .n F.g. 36; also 
shown Is the nucleotide sequence encoding this portion of the polypeptide. 

IV.B.5. Identification of the Polypeptide Encoded within C100 as an NANBH Associated Antigen 

f03071 The C100-3 fusion polypeptide expressed from plasmid pAB24C100-3 in yeast strain JSC 308 was charac- 
Eed wS respect to size, and\he polypeptide encoded within C1 00 was Identified as an NANBH-associated antigen 
bv its immunological reactivity with serum from a human with chronic NANBH. 

r0308rThe cioo-3 polypeptide, which was expressed as described in Section IV.B.4., was analyzed as follows. 
K JS?308 cells were transformed with pAB24, or with pAB24 C1 00-3, and were induced to express the hetero.o- 
oo!s plasmid encoded polypeptide. The induced yeast cells in 1 ml of culture (OD 650 nm -20) were pelleted by <*M. 

and 1 volume of glass beads (0.2 millimicron diameter). The solution contained 60 mM Tris-HCI, pH 8 0. 1 mM EDTA 
1 m M phenylmethylsulphonyl fluoride (PMSF), and 1 microgram/m. pepstatin. Insoluble materia. In the lysate which 
nc.udes the C100 3 polypeptide, was collected by centrffugat.on (10,000 rpm for 5 minutes , and was dissolved by 
bo?ng for 5 minutes in Uemmli SDS sample buffer. [See Uemmli (1 970)]. An amount of polypeptides equ^alen to 
tha I 0 1 3 Jof the Induced yeast culture was subjected to electrophoresis through 10% poVacrylam.de gels In the 
presence of SDS according to Uemmli (1 970). Protein standards were co-electrophoresed on the gels. Gels containing 
thTeTressec I potypeptides were either stained with Coomass.e brilliant blue, or were subjected to "Western" blon.ng 
^described in Section IV.B.2., using serum from a patient with chronic NANBH to determine the .mmunolog.cal re- 
activity of the polypeptides expressed from pAB24 and from pAB24C1 00-3. 
[0*09] The resulK are shown In Fig. 37. In Fig. 37A the potypeptides were stained with Coomassle brjiant blue^The 
nsoluble polypeptide^) from JSC 308 transformed with pAB24 and from two different colonies o JSC tmnsfor^ed 
wfth PAB24C100-3 are shown In lane 1 (pAB24), and lanes 2 and 3. respectively. A comparison of lanes 2 and 3 with 
35 72 1 shows the induced expression of a polypeptide corresponding to a molecular weight of -54,000 daltons from 
JSC 308 tmnsS^d Sh P A P B24C100.3, which Is not Induced In JSC 308 transformed with pAB24. This polypeptide 

■WOWta^ S« »S the results of the Western blots of the insoluble polypeptides expressed in JSC 308 trans- 
formed with pAB24 (lane 1). or with pAB24C100-3 (lane 2). The polypeptides expressed from pAB24 ^were not immu- 
40 SaTy reactive with serum from a human with NANBH. However, as indicated by the arrow, SC 308 trans formed 
WW S5w expressed a polypeptide of -54,000 dalton molecular weight which did react immunologically wtth 
the human NANBH serum. The other immunologically reactive polypeptides in lane 2 may be degradation and/or 
aggregation products of this "54,000 dalton polypeptide. 

45 IV.B.6. Purification of Fusion Polypeptide C100-3 

r0311l The fusion polypeptide, C100-3, comprised of SOD at the N-terminus and in-frame C100 HCV-polypeptide 
El C Jm,lnus was purified by differentia, extraction of the .nsoluble fraction of the extracted host yeast cells in 

^SSSl^S^ was expressed in yeast strain JSC 308 transformed with pAB24C1 00-3. as 
Sbed in sSon P lvS4 P The yeast cells were then tysed by homogenlzat.on, the Insoluble material In the lysate 
was extracted at pH 12 0, and C100-3 in the remaining insoluble fraction was solubilized .n buffer conta.n.ng SDS. 
m Coast *sate was prepared essentially according to Nagahuma et al. (1 984). A yeast ceH suspension was 
prepared which was 33% cells (y/v) suspended in a solution (Buffer A) containing 20 mM Tns HCI, pH 8.0, I mM 
Sothreito and 1 mM phenylmethylsulfonyffluoride (PMSF). An aliquot of the suspension (15 ml) was mixed with an 
equa volume of glass beads (0.45-0.50 mm diameter), and the mixture was vortexed at top speed on a Super Mixer 
Zb Une Instruments, Inc.) for 8 min. The homogenate and glass beads were separated, and the glass beads were 
Ithed 3 times with t e same volume of Buffer A as the original packed cells. After combining the washes and ho- 
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mogenate, the insoluble material in the lysate was obtained by centrifuging the homogenate at 7,000 x g tor 1 5 min utes 
at 4°C, resuspending the pellets in Buffer A equal to twice the volume of original packed cells, and re-pelleting the 
material by centrifugation at 7,000 x g for 15 min. This washing procedure was repeated 3 times. 
[031 4] The insoluble material from the lysate was extracted at pH 1 2.0 as follows. The pellet was suspended In buffer 

5 containing 0.5 M NaCI, 1 mM EDTA, where the suspending volume was equal to 1 .8 times the of the original packed 
cells. The pH of the suspension was adjusted by adding 0.2 volumes of 0.4 M Na phosphate buffer pH 12.0. After 
mixing, the suspension was centrifuged at 7,000 x g for 15 min at 4°C, and the supernatant removed. The extraction 
was repeated 2 times. The extracted pellets were washed by suspending them in 0.5 M NaCI, 1 mM EDTA, using a 
suspension volume equal to two volumes of the original packed cells, followed by centrifugation at 7,000 x g for 15 

10 min at 4°C. 

[0315] The C100-3 polypeptide in the extracted pellet was solubilized by treatment with SDS. The pellets were sus- 
pended in Buffer A equal to 0.9 volumes of the original packed cell volume, and 0.1 volumes of 2% SDS was added. 
After the suspension was mixed, it was centrifuged at 7,000 x g fori 5 min at 4°C. The resulting pellet was extracted 
3 more times with SDS. The resulting supernatants, which contained C100-3 were pooled. 
is [0316] This procedure purifies C100-3 more than 10-fold from the Insoluble fraction of the yeast homogenate, and 
the recovery of the polypeptide is greater than 50%., 

[0317] The purified preparation of fusion polypeptide was analyzed by polyacrylamide gel electrophoresis according 
to Laemmli (1970). Based upon this analysis, the polypeptide was greater than 80% pure, and had an apparent mo- 
lecular weight of ^54,000 daltons. 



20 



IV.C. identification of RNA in Infected Individuals Which Hybridizes to HCVcDNA. 

IV.C.1 . Identification of RNA in the Liver of a Chimpanzee With NANBH Which Hybrid izes to HCV cDNA. 

25 [0318] RNA from the liver of a chimpanzee which had NANBH was shown to contain a species of RNA which hy- 
bridized to the HCV cDN A contained within clone 81 by Northern blotting, as follows. 

[0319] RNA was isolated from a liver biopsy of the chimpanzee from which the high titer plasma was derived (see 
Section IV.A.1.) using techniques described in Maniatis et al. (1982) for the isolation of total RNA from mammalian 
cells, and for its separation Into poly A + and poly A* fractions. These RNA fractions were subjected to electrophoresis 

30 on a'formaldehyde/agarose gel (1 % w/v), and transferred to nitrocellulose. (Maniatis et al. (1 982)). The nitrocellulose 
filters were hybridized with radiolabeled HCV CDNA from clone 81 (see Fig. 4 for the nucleotide sequence of the insert.) 
To prepare the radiolabeled probe, the HCV cDNA insert isolated from clone 81 was radiolabeled with by nick 
translation using DNA Polymerase I (Maniatis et al. (1982)). Hybridization was for 18 hours at 42°C in a solution Con- 
taining 1 0% (w/v) Dextran sulphate, 50% (w/v) deionizedformamide, 750 mM NaCI, 75 mM Na citrate, 20 mM Na 2 HP0 4 , 

35 P H 6.5, 0.1% SDS, 0.02% (w/v) bovine serum albumin (BSA), 0.02% (w/v) Ficoll-400, 0.02% (w/v) polyvinylpyrrolidone, 
100 mlcrograms/ml salmon sperm DNA which had been sheared by sonication and denatured, and 10 6 CPM/ml of the 
nick-translated CDNA probe. 

[0320] An autoradiograph of the probed filter is shown in Fig. 38. Lane 1 contains ^P-labeled restriction fragment 
markers. Lanes 2-4 contain chimpanzee liver RNA as follows: lane 2 contains 30 micrograms of total RNA; lane 3 
40 contains 30 micrograms of poly A- RNA; and lane 4 contains 20 micrograms of poly A+ RNA. As shown in Fig. 38, the 
liver of the chimpanzee with NANBH contains a heterogeneous population of related poly A+ RNA molecules which 
hybridizes to the HCV CDNA probe, and which appears to be from about 5000 nucleotides to about 1 1 ,000 nucleotides 
in size. This RNA, which hybridizes to the HCV cDNA, could represent viral genomes and/or specific transcripts of the 
viral genome. 

45 [0321] The experiment described in Section IV.C.2., infra, is consistent with the suggestion that HCV contains an 
RNA genome. 

IV.C.2. Identification of HCV Derived RNA In Serum from Infected Individuals. 

so [0322] Nucleic acids were extracted from particles isolated from high titer chimpanzee NANBH plasma as described 
in Section IV.A.1 .. Allquots (equivalents 1 ml of original plasma) of the Isolated nucleic acids were resuspended In 20 
microliters 50 mM Hepes, pH 7.5, 1 mm EDTA and 1 6 micrograms/ml yeast soluble RNA. The samples were denatured 
by boiling for 5 minutes followed by immediate freezing, and were treated with RNase A (5 microliters containing 0.1 
mg/ml RNase A in 25 mM EDTA, 40 mM Hepes, pH 7.5) or with DNase I (5 microliters containing 1 unit DNase I in 10 

55 mM MgCI 2 , 25 mM Hepes, pH 7.5); control samples were incubated without enzyme. Following incubation, 230 micro- 
liters of Ice-cold 2XSSC containing 2 micrograms/ml yeast soluble RNA was added, and the samples were filtered on 
a nitrocellulose filter. The filters were hybridized with a cDNA probe from clone 81, which had been ^P-labeled by 
nlck-translatlon. Fig. 39 shows an autoradiograph of the fitter. Hybridization signals were detected in the DNase treated 
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and control samples (lanes 2 and 1 , respectively), but were not detected In the RNase treated sample (lane 3). Thus, 
since RNase A treatment destroyed the nucleic acids isolated from the particles, and DNase I treatment had no effect, 
the evidence strongly suggests that the HCV genome is composed ot RNA. 

5 , VtC>3 . Detection of Amplified HCV Nucleic Acid Sequences derived from HCV Nucleic Acid Sequences in Liver and 
Plasma Specimens from Chimpanzees with NANBH 

[0323] HCV nucleic acids present In liver and plasma of chimpanzees with NANBH, and in control chimpanzees, 
were amplified using essentially the polymerase chain reaction (PGR) technique described by Saiki et al. (1986). The 
10 primer oligonucleotides were derived from the HCV cDNA sequences in clone 81 , or clones 36 and 37. The amplified 
sequences were detected by gel electrophoresis and Southern blotting, using as probes the appropriate cDNAoligomer 
with a sequence from the region between, but not including, the two primers. 

[0324] Samples ot RNA Containing HCV sequences to be examined by the amplification system were isolated from 
liver biopsies of three chimpanzees with NANBH, and from two control chimpanzees. The isolation of the RNA fraction 

is was by the guanidinium thlocyanate procedure described In Section IV.C.1 . 

[0325] Samples of RNA which were to be examined by the amplification system were also isolated from the plasmas 
of two chimpanzees wKh NANBH, and from one control chimpanzee, as well as from a pool of plasmas from control 
chimpanzees. One infected chimpanzee had a CID/ml equal to or greater than 1 0» and the other infected chimpanzee 
had a CID/ml equal to or greater than 10 5 . 

20 [03261 The nucleic acids were extracted from the plasma as follows. Either 0.1 ml or 0.01 ml of plasma was diluted 
to a final volume of 1 .0 ml, with a TENB/proteinase K/SDS solution (0.05 M Tris-HCL, pH 8.0, 0.001 M EDTA, 0.1 M 
NaCI 1 mp/ml Proteinase K, and 0.5% SDS) containing 10 micrograms/ml polyadenylic acid, and incubated at 37 C 
for 60 minutes After this proteinase K digestion, the resultant plasma fractions were deproteinized by extraction with 
TE (10 OmMTrls-HCJ pH8.0, 1 mM EDTA) saturated phenol. The phenol phase was separated by centrifugatlon. and 

25 was ^extracted with TENB containing 0.1% SDS. The resulting aqueous phases from each extraction were pooled, 
and extracted twice with an equal volume of pheno^chloroform/isoamyl alcohol [1:1(99:2)], and then twice with an 
equal volume of a 99:1 mixture of chloroform/isoamyl alcohol. Following phase separation by centrifugatlon, the aque- 
ous phase was brought to a final concentration of 0.2 M Na Acetate, and the nucleic acids were precipitated by the 
addition of two volumes of ethanol. The precipitated nucleic acids were recovered by ultracentrifugation In a SW 41 

30 rotor at 38 K, for 60 minutes at 4 * C. 

[0327] In addition to the above, the high titer chimpanzee plasma and the pooled control plasma alternatively were 
extracted with 50 micrograms of poly A carrier by the procedure of Chomcyzski and Sacchi (1987). This procedure 
uses an acid guanidinium thiocyanate extraction. RNA was recovered by centrifugatlon at 10,000 RPM for 10 minutes 
at 4°C in an Eppendorf mlcrofuge. . . ^ 

35 r03281 On two occasions, prior to the synthesis of cDNA in the PCR reaction , the nucleic acids extracted from plasma 
by the proteinase K/SDS/phenol method were further purified by binding to and elutlon from S and S Elutlp-R Columns. 
The procedure followed was according to the manufacturer's directions. 

[0329] The cDNA used as a template for the PCR reaction was derived from the nucleic acids (either total nucleic 
acids or RNA) prepared as described above. Following ethanol precipitation, the precipitated nucleic acids were dried, 

40 and resuspended in DEPC treated distilled water. Secondary structures in the nucleic acids were disrupted by heating 
at 65*C for 10 minutes, and the samples were immediately cooled on Ice. cDNA was synthesized using 1 to 3 micro- 
grams of total chimpanzee RNA from liver, or from nucleic acids (or RNA) extracted from 1 0 to 1 00 microliters of plasma. 
The synthesis utilized reverse transcriptase, and was in a 25 microliter reaction, using the protocol specified by the 
manufacturer BRL The primers for cDNA synthesis were those also utilized in the PCR reaction, described below. All 

45 reaction mixtures for cDNA synthesis contained 23 unrts of the RNAase inhibitor, RNASIN (Fisher/Promega). Following 
cDNA synthesis, the reaction mixtures were diluted with water, boiled for 10 minutes, and quickly chilled on ice. 
[0330] The PCR reactions were performed essentially according to the manufacturer's directions (Cetus-Perkin- 
Elmer), except for the addition of 1 microgram of RNase A. The reactions were carried out in a final volume of 100 
microliters The PCR was performed for 35 cycles, utilizing a regimen of 37*C, 72°C, and 94°C. 

so [0331] The primers for cDNA synthesis and for the PCR reactions were derived from the HCV cDN A sequences in 
either clone 81 , clone 36 ; or clone 37b. (The HCV cDNA sequences of clones 81 , 36, and 37b are shown In Figs. 4, 
5, and 10, respectively.) The sequences of the two 1 6-mer primers derived from clone 81 were: 



55 



5 * CAA TCA TAC CTG ACA G 3 ' 

and 
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5 ' GAT AAC CTC TGC CTG A3*. 

The sequence of the primer from clone 36 was: 

5 

5* GCA TGT CAT GAT GTA T 3*. 

The sequence of the primer from clone 37b was: 

10 5' ACA ATA COT GTG TCA C 3\ 

In the PCR reactions, the primer pairs consisted of either the two 16-mers derived from clone 81, or the 16-merfrom 
clone 36 and the 16-mer from clone 37b. 

[0332] The PCR reaction products were analyzed by separation of the products by alkaline gel electrophoresis, 
is followed by Southern blotting, and detection of the amplified HCV-cDNA sequences with a 32 P-labeled internal oligo- 
nucleotide probe derived from a region of the HCV cDNA which does not overlap the primers. The PCR reaction 
mixtures were extracted with phenol/chloroform, and the nucleic acids precipitated from the aqueous phase with salt 
and ethanol. The precipitated nucleic acids were collected by centrifugation, and dissolved in distilled water. Aliquots 
of the samples were subjected to electrophoresis on 1 .8% alkaline agarose gels. Single stranded DNA of 60, 1 08, and 
20 1 61 nucleotide lengths were co-electrophoresed on the gels as molecular weight markers. After electrophoresis, the 
DNAs in the gel were transferred onto Biorad Zeta Probe™ paper. Prehybridization and hybridization, and wash con- 
ditions were those specified by the manufacturer (Biorad). 

[0333] The probes used for the hybridization-detection of amplified HCV cDNA sequences were the following. When 
the pair of PCR primers were derived from clone 81 , the probe was an 1 08-mer with a sequence corresponding to that 

25 whfch is located in the region between the sequences of the two primers. When the pair of PCR primers were derived 
from clones 36 and 37b, the probe was the nick-translated HCV cDNA insert derived from clone 35. The primers are 
derived from nucleotides 1 55-1 70 of the clone 37b insert, and 206-268 of the clone 36 insert. The 3'-end of the HCV 
cDNA insert in clone 35 overlaps nucleotides 1 -1 86 of the insert in clone 36; and the 5'-end of clone 35 insert overlaps 
nucleotides 207-269 of the Insert In clone 37b. (Compare Figs. 5, 8 and 10.) Thus, the cDNA Insert In clone 35 spans 

30 part of the region between the sequences of the clone 36 and 37b derived primers, and is useful as a probe for the 
amplified sequences which include these primers. 

[0334] Analysis of the RNA from the liver specimens was according to the above procedure utilizing both sets of 
primers and probes. The RNA from the liver of the three chimpanzees with N ANBH yielded positive hybridization results 
for amplification sequences of the expected size (161 and 586 nucleotides for 81 and 36 and 37b, respectively), while 
35 the control chimpanzees yielded negative hybridization results. The same results were achieved when the experiment 
was repeated three times. 

[0335] Analysis of the nucleic acids and RNA from plasma was also according to the above procedure utilizing the 
primers and probe from clone 81 . The plasmas were from two chimpanzees with NANBH, from a control chimpanzee, 
and pooled plasmas from control chimpanzees. Both of the NANBH plasmas contained nucleic acids/RNA which yleld- 
40 ed positive results in the PCR amplified assay, while both of the control plasmas yielded negative results. These results 
have been repeatably obtained several times. 

IV.D. Radioimmunoassay for Detecting HCV Antibodies in Serum from Infected individuals 

45 [0336] Solid phase radioimmunoassays to detect antibodies to HCV antigens were developed based upon Tsu and 
Herzenberg (1980). Microtlter plates (Immulon 2, Removawell strips) are coated with purified polypeptides containing 
HCV epitopes. The coated plates are incubated with either human serum samples suspected of containing antibodies 
to the HCV epitopes, or to appropriate controls. During incubation, antibody, if present, Is immunologically bound to 
the solid phase antigen. After removal of the unbound material and washing of the microtlter plates, complexes of 

50 human antibody-NANBV antigen are detected by incubation with 125 l-labeled sheep anti-human immunoglobulin. Un- 
bound labeled antibody Is removed by aspiration, and the plates are washed. The radioactivity In individual wells Is 
determined; the amount of bound human anti-HCV antibody is proportional to the radioactivity in the well. 

IV.D.1 . Purification of Fusion Polypeptide SOD-NANB^ .t. 

55 " 

[0337] The fusion polypeptide SOD-NANB^..,, expressed in recombinant bacteria as described In Section IV.B.1 ., 
was purified from the recombinant E. coli by differential extraction of the cell extracts with urea, followed by chroma- 
tography on anion and cation exchange columns as follows. 
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[03381 Thawed cells from 1 liter of culture were resuspended in 10 mi of 20% (w/v) sucrose containing 0.01 M Tris 
HCI pH 8 0 and 0.4 ml of 0.5M EDTA, pH 8.0 was added. After 5 minutes at 0 d C, the mixture was centrifuged at 4,000 
x g for 10 minutes. The resulting pellet was suspended In 10 ml of 25% (w/v) sucrose containing 0.05 M Tris HCI, pH 
SOimM phenylmethylsulfonylfluoride (PMSF) and 1 microgram/ml pepstatin A, followed by addition of 0.5 ml lys- 

5 ozyme (10 mg/ml) and Incubation at 0°C for 10 minutes. After the addition of 10 ml 1% (wV) Triton X-100 In 0.05 M 
Tris HCI pH 8 0 1 mM EDTA, the mixture was incubated an additional 10 min at 0°C with occasional shaking. The 
resulting viscous solution was homogenized by passage 6 times through a sterile 20-gauge hypodermic needle, and 
centrifuged at 13 000 x g for 25 minutes. The pelleted material was suspended in 5 ml of 0.01 M Tris HCI pH 8.0, and 
the suspension centrifuged at 4,000 x g for 10 minutes. The pellet, which contained SOD-NANB 5 _ M fusion protein, 

10 was dissolved In 5 ml of 6 M urea In 0.02 M Tris HCI, pH 8.0, 1 mM dithlothreitol (Buffer A), and was applied to a column 
of Q-Sepharose Fast Flow equilibrated with Buffer A. Polypeptides were eluted with a linear gradient of 0.0 to 0.3 M 
NaCl in Butter A After elution, fractions were analyzed by polyacrylamide gel electrophoresis In the presence of SDS 
to determine their content of SOD-NANB 5 . M . Fractions containing this polypeptide were pooled, and dialyzed against 
6 M urea in 0 02 M sodium phosphate buffer, pH 6.0, 1 mM dithiothreitol (Buffer B). The dialyzed sample was applied 

15 on a column of S-Sepharose Fast Flow equilibrated with Buffer B, and polypeptides eluted with a linear gradient of 0.0 
to 0.3 M NaCl in Buffer B. The fractions were analyzed by polyacrylamide gel electrophoresis for the presence of SOD- 
NANB S 1 1, and the appropriate fractions were pooled. 

[0339] | The final preparation of SOD-NANB^., polypeptide was examined by electrophoresis on polyacrylamide 
gels in the presence of SDS. Based upon this analysis, the preparation was more than 80% pure. 

20 

IV.D.2. Purification of Fusion Polypeptide SOD-NAN B^ . 

[0340] T^e fusion polypeptide SOD-NANB fl1 , expressed in recombinant bacteria as described in Section IV.B.2., 
was purffiedf rom recombinant E. coll by differential extraction of the cell extracts with urea, followed by chromatography 
25 on anion and cation exchange columns utilizing the procedure described for the Isolation of fusion polypeptide SOD- 
NANBc h < (See Section IV.D.1 .). 

[0341] | The final preparation of SOD-NANB^ polypeptide was examined by electrophoresis on polyacrylamide gels 
in the presence of SDS. Based upon this analysis, the preparation was more than 50% pure. 

so I VP 3. Detection of Antibodies to HCV Epitopes by Solid Phase Radioim munoassay. 

[0342] Serum samples from 32 patients who were diagnosed as having NANBH were analyzed by radioimmunoassay 
(RIA) to determine whether antibodies to HCV epitopes present in fusion polypeptides SOD-NANB^., and SOD- 
NANB ft1 were detected. 

[0343] Microliter plates were coated with SOD-NAN*™ or SOD-NANB fl1 , which had been partially purrfied accord- 
ing to Sections IV.D.1 . and IV.D.2., respectively. The assays were conducted as follows. 

[0344] OnehundredmicrollteraliquotscontainlngO.ltoO.SmlcrogramsofSOD-NANB^^orSOD.NANBB^nO.^S 
M Na borate buffer pH 8.3, 0.075 M NaCl (BBS) was added to each well of a microliter plate (Dynatech Immulon 2 
Removawell Strips). The plate was incubated at 4'C overnight in a humid chamber, after which, the protein solution 
was removed and the wells washed 3 times with BBS containing 0.02% Triton X-1 00 (BBST). To prevent non-specific 
binding the wells were coated with bovine serum albumin (BSA) by addition of 100 microliters of a 5 mg/ml solution 
of BSA'in BBS followed by incubation at room temperature for 1 hour, after this incubation the BSA solution was 
removed The polypeptides in the coated wells were reacted with serum by adding 100 microliters of serum samples 
diluted 1 *1 00 in 0.01 M Na phosphate buffer, pH 7.2, 0.1 5 M NaCl (PBS) containing 1 0 mg/ml BSA, and incubating the 
serum containing wells for 1 hr at 37°C. After incubation, the serum samples were removed by aspiration, and the 
wells were washed 5 times with BBST. Anti-NANB^., and Anti-NANB 81 bound to the fusion polypeptides was deter- 
mined by the binding of ^-labeled P(ab) 2 sheep anti-human IgG to the coated wells. Aliquots of 100 microliters of 
the labeled probe (specific activity 5-20 mlcrocurles/microgram) were added to each well, and the plates were Incubated 
at 37°C for 1 hour, followed by removal of excess probe by aspiration, and 5 washes with BBST The amount of radl- 
so oactivity bound in each well was determined by counting in a counter which detects gamma radiation. 

[0345] The results of the detection of antl-NANB^ and anti-NANB 81 In individuals with NANBH is presented in 
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Table 1 



10 



20 



50 



Detection of Anti-5-M and Anti-81 in Sera of NANB, HAV and HBV Hepatitis Patients 


Patient Reference Number 


Diagnosis 


S/N 


Antl-5-1-1 


Antl-81 


1. 28 1 


Chronic NANB, IVD 2 ' 


0.77 


4.20 




Chronic NANB, IVD 


1.14 


5.14 




Chronic NANB, IVD 


2.11 


4.05 


2. 29 1 j 


AVH 3 , NANB, Sporadic 


1.09 


1.05 




Chronic, NANB 


33.89 


11.39 




Chronic, NANB 


36.22 


13.67 


3. 30 1 


AVH, NAMB, IVD 


1.90 


1.54 




Chronic NANB, IVD 


34.17 


30.28 




Chronic NANB, IVD 


32.45 


30.84 


4. 31 


Chronic NANB, PT 4 


16.09 


8.05 


5. 32 1 


Late AVH MANB, IVD 


0.69 


0.94 




Late AVH NANB. IVD 


0.73 


0.68 


6. 33 1 


AVH, NANB, IVD 


1.66 


1.96 




AVH, NANB, IVD 


1.53 


0.56 


7. 34 1 


Chronic NANB, PT 


34.40 


7.55 




Chronic NANB, PT 


45.55 


13.11 




Chronic NANB, PT 


41.58 


13.45 




Chronic NANB, PT 


44.20 


15.48 


B. 35 1 


AVH NANB, IVD 


31.92 


31.95 




"Healed" recent NANB, AVH 


6.87 


4.45 


9. 36 


Late AVH NANB PT 


11.84 


5.79 


10. 37 


AVH NANB, IVD 


6.52 


1.33 


11. 38 


Late AVH NANB, PT 


39.44 


39.18 


12. 39 


Chronic NANB, PT 


42.22 


37.54 


13. 40 


AVH, NANB, PT 


1.35 


1.17 


14. 41 


Chronic NANB? PT 


0.35 


0.28 


15. 42 


AVH, NANB, IVD 


6.25 


2.34 


16. 43 


Chronic NANB, PT 


0.74 


0.61 


17. 44 


AVH, NANB, PT 


5.40 


1.83 


18. 45 


Chronic, NANB, PT 


0.52 


0.32 


19. 46 


AVH, NANB 


23.35 


4.45 




AWW Tuna A 

Avn, i ype m 


1.60 


1.35 


21.48 


AVH, Type A 


1.30 


0.66 


22. 49 


AVH, Type A 


1,44 


0.74 


23. 50 


Resolved Recent AVH, Type A 


0.48 


0.56 


24.51 


AVH, Type A 


0.68 


0.64 




Resolved AVH, Type A 


0.80 


0.65 


25. 52 


Resolved Recent AVH, Type A 


1.38 


1.04 




Resolved Recent AVH, Type A 


0.80 


0.65 


26. 53 


AVH, Type A 


1.85 


1.16 




Resolved Recent AVH, Type A 


1.02 


0.88 


27.54 


AVH, Type A 


1.35 


0.74 


28. 55 


Late AVH, HBV 


0.58 


0.55 



Sequential serum samples available from these patients 
2 IVD=lntiavenuB Drug User 
3 AVH=Acute viral hepafflb 
4 FT=Pcst transfusion 
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Table 1 (continued) 



5 


Detection of Anti-5-1 -1 and Anti-81 in Sera of NANB, HAV and HBV Hepatitis Parents 


Patient Reference Number 


uiagnosis 


S/N 


Anti-5-1 -1 


Antl-81 




29. 56 


Chronic HBV 


0.84 


1.06 




30. 57 


LateAVH, HBV 


3.20 


1.60 




31.58 


Chronic HBV 


0.47 


0.46 


10 


32. 59^ 


AVH, HBV 


0.73 


0.60 






Kealed AVH, HBV 


0.43 


0.44 




33. 60 1 


AVH, HBV 


1.06 


0.92 






Healed AVH, HBV 


0.75 


0.68 


15 


34. 61 1 


AVH, HBV 


1.66 


0.61 




Healed avh, Hdv 


0.63 


0.36 




35. 62 1 


AVH, HBV 


1.02 


0.73 






Healed AVH, HBV 


0.41 


0.42 




36. 63 1 


AVH, HBV 


1.24 


1.31 


20 




Healed AVH, HBV 


1.55 


0.45 




37. 64 1 


AVH, HBV 


0.82 


0.79 






Healed AVH, HBV 


0.53 


0.37 




38. 65 1 


AVH, HBV 


0.95 


0.92 






Healed AVH, HBV 


0.70 


0.50 


25 


39. 66 1 


AVH, HBV 


1.03 


0.68 






Healed AVH, HBV 


1.71 


1.39 



[0346] As seen In Table 1, 19 of 32 sera from patients diagnosed as having NANBH were positive with respect to 
3 o antibodies directed against HCV epitopes present in SOD-NANB^^ and SOD-NANB B1 . 

[0347] However, the serum samples which were positive were not equally immunologically reactive with SOD- 
NANB5.V1 and SOD-NANB 81 . Serum samples from patient No. 1 were positive to SOD-NANB 81 but not to SOD- 
NANBg.w Serum samples from patients number 10, 15, and 17 were positive to SOD-NANB 5 . 1 . 1 but not to SOD- 
NANB 81 . Serum samples from patients No. 3, 8, 11, and 12 reacted equally with both fusion polypeptides, whereas 
35 serum samples from patients No. 2, 4, 7, and 9 were 2-3 fold higher In the reaction to SOD-NANB^.., than to SOD- 
NANB 81 . These results suggest that NANB 5 _ 1 . 1 and NANB 81 may contain at least 3 different epitopes; i.e., it Is possible 
that each polypeptide contains at least 1 unique epitope, and that the two polypeptides share at least 1 epitope. 

IV.D.4. Specificity of the Solid Phase RIA for NANBH 

40 

[0348] The specificity of the solid phase RIAs for NANBH was tested by using the assay on serum from patients 
infected with HAV or with HBV and on sera from control individuals. The assays utilizing partially purified SOD- 
NANBs^^and SOD-NANB 81 were conducted essentially as described In Section IV.D.3, except that the sera was from 
patients previously diagnosed as having HAV or HBV, or from individuals who were blood bank donors. The results for 

45 sera from HAV and HBV Infected patients are presented In table 1 . The RIA was tested using 11 serum specimens 
from HAV Infected patients, and 20 serum specimens from HBV Infected patients. As shown In table 1, none of these 
sera yielded a positive immunological reaction with the fusion polypeptides containing BB-NANBV epitopes. 
[0349] The RIA using the NANB 5 . t .<( antigen was used to determine immunological reactivity of serum from control 
individuals. Out of 230 serum samples obtained from the normal blood donor population, only 2 yielded positive reac- 

50 tlons In the RIA (data not shown). It Is possible that the two blood donors from whom these serum samples originated 
had previously been exposed to HCV. 

IV.D.5. Reactivity of NANB^ .j During the Course of NANBH infection. 

55 [0350] The presence of antl-NANB 5 . 1 . 1 antibodies during the course of NANBH Infection of 2 patients and 4 chim- 
panzees was followed using RIA as described In Section IV.D.3. 1 n addition the RIA was used to determine the presence 
or absence of antl-NANBs.-,^ antibodies during the course of Infection of HAV and HBV in infected chimpanzees. 
[0351] The results, which are presented In Table 2, show that with chimpanzees and with humans, antl-NANB s . 1 . 1 
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antibodies were detected following the onset of the acute phase of NANBH Infection. Anti-NANB^.j antibodies were 
not detected in serum samples from chimpanzees Infected with either HAV or HBV. Thus anti-NANBs.t.., antibodies 
serve as a marker for an Individual's exposure to HCV. 



Table 2 



10 



45 



50 



Seroconversion in Sequential Serum Samples from Hepatitis Patients and Chimpanzees Using 5-1-1 Antigen 


Patient/ ChlmD 

* C11IC7' lis Wl 1*1 P If/ 


Sample Date (Days) {o-lnoculation day) 


Hepatitis Viruses 


Anti-5-1-1 (S/N) 


ALT fmu/mn 


Patient 29 


T8 


NANB 


1.09 


1180 




T+180 




33.89 


425 




T+208 




36.22 


— 


Patient 30 


T 


NANB 


1.90 


1830 




T+307 




34.17 


290 




T+799 




32.45 


276 


Chimp 1 


0 


NANB 


0.87 


9 




76 




0.93 


71 




118 




23.67 


19 




154 




32.41 


— 


Chimp 2 


0 


NANB 


1.00 


5 




21 




1.08 


52 




73 




4.64 


13 




138 




25.01 


— 


Chimp 3 


0 


NANB 


1.08 


8 




43 




1.44 


205 




53 




1.82 


14 




159 




11.87 


6 


Chimp 4 


-3 


NANB 


1.12 


11 




55 




1.25 


132 




83 




6.60 






140 




17.51 




Chimp 5 


0 


HAV 


1.50 


4 




25 




2.39 


147 




40 




1.92 


18 




268 




1.53 


5 


Chimp 6 


-8 


HAV 


0.85 






15 






106 




41 




0.81 


10 




129 




1.33 






n 
u 


WAV 


1 17 


7 




22 




1.60 


83 




115 




1.55 


5 




139 




1.60 




Chimp 8 


0 


HAV 


0.77 


15 




26 




0.98 


130 




74 




1.77 


8 




205 




1.27 


5 


Chimp 9 


-290 


HBV 


1.74 






379 




3.29 


9 




435 




2.77 


6 


Chimp 1 0 


0 


HBV 


2.35 


8 




111-118 (pool) 




2.74 


96-156 (pool) 




205 




2.05 


9 




240 




1.78 


13 
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Table 2 (continued) 



Seroconversion in Sequential Serum Samples from Hepatitis Patients and Chimpanzees Using 5-1-1 Antigen 


Patient/ Chimp 


Sample Date (Days) (o-lnocularJon day) 


Hepatitis Viruses 


Antl-5-1-1 (S/N) 


ALT (muVml) 


Chimp 11 


0 


HVB 


1.82 


11 




28-56 (pool) 




1.26 


8-100 (pool) 




169 






9 




223 




0.52 


10 


*T=day of Initial sampling 



IV.E. Purification of Polyclonal Serum Antibodies to NANB^-m 



[0352] On the basis of the specific immunological reactivity of the SOD-NANBg.-,.-, polypeptide with the antibodies 
/5 In serum samples from patients with NANBH, a method was developed to purify serum antibodies which react immu- 
nologically with the epitope(s) in NANB5.-j.-j. This method utilizes affinity chromatography. Purified SOD-NANB^.-, 
polypeptide (see Section IV.D.1) was attached to an insoluble support; the attachment Is such that the Immobilized 
polypeptide retains its affinity for antibody to NANB 5 . 1 . 1 . Antibody in serum samples Is absorbed to the matrix-bound 
polypeptide. After washing to remove non-speclflcally bound materials and unbound materials, the bound antibody is 
20 released from the bound SOD-HCV polypeptide by change in pH, and/or by chaotropic reagents, for example, urea. 
[0353] Nitrocellulose membranes containing bound SOD-NANB^,.-, were prepared as follows. A nitrocellulose mem- 
brane, 2.1 cm Sartorius of 0.2 micron pore size, was washed for 3 minutes three times with BBS. SOD-NANBs^.-, was 
bound to the membrane by incubation of the purified preparation in BBS at room temperature for 2 hours; alternatively 
It was incubated at 4°C overnight. The solution containing unbound antigen was removed, and the filter was washed 
25 three times with BBS for three minutes per wash. The remaining active sites on the membrane were blocked with BSA 
by incubation with a 5 mg/ml BSA solution for 30 minutes. Excess BSA was removed by washing the membrane with 
5 times with BBS and 3 times with distilled water. The membrane containing the viral antigen and BSA was then treated 
with 0.05 M glycine hydrochloride, pH 2.5, 0.10 M NaCI (GlyHCI) for 15 minutes, followed by 3 three minute washes 
with PBS. 

30 [0354] Polyclonal anti-NANB 5 . 1 . 1 antibodies were Isolated by incubating the membranes containing the fusion 
polypeptide with serum from an individual with NANBH for 2 hours. After the Incubation, thefilters were washed5 times 
with BBS, and twice with distilled water. Bound antibodies were then eluted from each filter with 5 elutions of GlyHCI, 
at 3 minutes per elution. The pH of the eluates was adjusted to pH 8.0 by collecting each eluate In a test tube containing 
2.0 M Trie HCI. pH 8.0. Recovery of the antl-NANBg.^ antibody after affinity chromatography Is approximately 50%. 

35 [0355] The nitrocellulose membranes containing the bound viral antigen can be used several times without appre- 
ciable decrease in binding capacity. To reuse the membranes, after the antibodies have been eluted the membranes 
are washed with BBS three times for 3 minutes. They are then stored In BBS at 4*C. 

IV.F. The Capture of HCV Particles from Infected Plasma Using Purified Human Polyclonal Anti-HCV Antibodies; 
40 Hybridization of the Nucleic Acid in the Captured Particles to HCV cDNA 

IV.F.1 . The Capture of HCV Particles from Infected Plasma Using Human Polyclonal Anti-HCV Antibodies 

[0356] Protein-nucleic acid complexes present In Infectious plasma of a chimpanzee with NANBH were Isolated 
45 using purified human polyclonal antl-HCV antibodies which were bound to polystyrene beads. 

[0357] Polyclonal anti-NANBs^., antibodies were purified from serum from a human with NANBH using the SOD- 
HCV polypeptide encoded In clone 5-1-1 . The method for purification was that described In Section IV.E. 
[0358] The purified anti-NANBg.^ antibodies were bound to polystyrene beads (1/4" diameter, specular finish, Pre- 
cision Plastic Ball Co., Chicago, Illinois) by incubating each at room temperature overnight with 1 ml of antibodies (1 
50 microgram/ml in borate buffered saline, pH 8.5). Following the overnight incubation, the beads were washed once with 
TBST [50 mM Trls HCI, pH 8.0, 150 mM NaCI, 0.05% (v/v) Tween 20], and then with phosphate buffered saline (PBS) 
containing 10 mg/ml BSA. 

[0359] Control beads were prepared in an Identical fashion, except that the purified anti-NANS^.-, antibodies were 
replaced with total human immunoglobulin. 
55 [0360] Capture of HCV from NANBH infected chimpanzee plasma using the antl-NANB5.-j.-j antibodies bound to 
beads was accomplished as follows. The plasma from a chimpanzee with NANBH used Is described In Section IV.A. 
1.. An aliquot (1 ml) of the NANBV Infected chimpanzee plasma was Incubated for 3 hours at 37°C with each of 5 
beads coated with either antl-NANB 5 . 1 . 1 antibodies, or with control immunoglobulins. The beads were washed 3 times 
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with TBST. 

IV.R2. Hybridization of the Nucleic Acid in the Captured Particles to NANBV-cDNA 

s [0361 j The nucleic acid component released from the particles captured with antl-NANB^., antibodies was analyzed 
for hybridization to HCVcDNA derived from clone 81. 

[03621 HCV particles were captured from NANBH Infected chimpanzee plasma, as described in IV.F.1 . To retease 
he nllefc acids from the particles, the washed beads were Incubated for 60 min. at 37»C with 0.2 ml per bead of a 
SSZ ^W«*L k (1 mg/mr,. 10 mM Tris HCI, P H 7.5, 10 mM EDTA, 0.25% (w/v) 80S. 10. micrograms^ 
ro m slb^veast HNA and the supernatant solution was removed. The supernatant was extracted with phenol and 
ch ol m and the nudete acids precipitated with ethanol overnight at -20 «C. The nucleic add prec iprtate was o* 
t ted by can Igation, dried, and dissolved In 50 mM Hopes, P H 7.5. Duplicate aliquot of the soluble nucleic ac,ds 

human immunoglobulin were filtered onto to nitrocellulose filters. The filters were hybridized with a^P-labeled, nick- 
« f made from the purified HCV cDNA fragment in clone 81 . The methods for preparing the probe and 

for the hybridization are described in Section IV.C.1 .. 

03631 Autoradiographs of a probed filter containing the nucieic acids from particies captured by beads containing 
SnANB^ antibodies are shown in Fig. 40. The extract obtained using the anti-NANB^ antibody (A, A,) gave 
clear hybridization signals relative to the control antibody extract (Ag^) and to control yeast RNA (B, B 2 ). Standards 
20 consisSof L 5pq and 10pg of the purified, clone 81 cDNA fragment are shown in C1 -3, respectively. 

0364] * ^ rSSLEtf. that the particles captured from NANBH plasma by antl-NANB^ ,-am.bod.es 
contain nucleic acids which hybridize with HCV cDNA In clone 81 , and thus provide further evidence that the cDNAs 
In these clones are derived from the etlologic agent for NANBH. 

25 iv.g Immunological Reactivity of C100-3with Purif ied Anti-NANB,.-,., Ajnjbgdjes 

r03651 The immunological reactivity of CI 00-3 fusion polypeptide with antl-NANB,,,., antibodies was determined by 
Simmu oassay, In which the antigens whteh were bound to a aoNd phase were challenged ««hpuA|d 
NANBjTantlbod^ and the antigen-antibody complex detected with ^l-iabeled sheep anti-human antibodies. The 

so immune ocical reactivity of C1 00-3 polypeptide was compared with that of SOD-NAN Bg.,^ antigen. 

SSiT^n^S^ C100-3 was synthesized and purified as described in Section IV.B.5. and Ir |Mbn 
V B 6 , respectively. The fusion polypeptide SOD-NANB^ was synthesized and purified as described In Sect on IV. 
B 1 and in Section IV D 1 ., respectively. Purified anti-NANBs.,., antibodies were obtained as described in SecHon IV.E. 
fo367] One hired mteroliter aliquots containing varying amounts of purified C100-3 antigen in 0.125M Na borate 

35 E? pH 8 3 0 075M NaCI (BBS) was added to each well of a mlcrotiter plate (Dynatech Immulon 2 RemovaweJ 
sSps) The Pl'ate was incubated at >C overnight in a humid chamber, after which, the protein solut.on was removed 
and I the we" s washed 3 times with BBS containing 0.02% Triton X-100 (BBST). To prevent non-specific binding ha 
w^ls we7e ToalS with BSA by addition of 1 00 microliters of a 5 mg/ml solution of BSA in BBS followed by incubat on 
Tt 00^ empe n^re for 1 Jur, after which the excess BSA so.ut.on was removed. The polypeptides ,n the coa ted 

40 t ls™eacted with purified anti-NANB^., antibodies by adding 1 microgram antibody/well, and incubating the 
^Tiples for Ihr at 37*C. After Incubation, life excess solution was removed by aspiration, and the wells were washed 
*TU w»h BBST Anti-NANB«.i 1 bound to the fusion polypeptides was determined by the binding of i"l-labeled F 
<SXZ an^huma ^1 elated weiis. Aiiquots " 100 microliters of the iabeled probe (specific actlvhy 5-20 

mSocurieS^ 
45 ~ss p rbeS 

bv countina in a counter which detects gamma radiation. 

K Se results of the Immunological reactlvrty of C100 with purified arrtl-NANB^ as compared to that of 
NANBg.-j.-j with the purified antibodies are shown in Table 3. 



so 
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Table 3 



immunoloaical Reactivity of C100-3 compared to NANB^ by Radioimmunoassay 


AG{ng) 


RIA (cpm/assay) 






400 


320 


240 


160 


60 


0 


NANB^., 
C100-3 


7332 
7450 


6732 
6985 


4954 
5920 


4050 
5593 


3051 
4096 


57 
67 
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[0369] The results in Table 3 show that antl-NANB^.! recognizes an epltope(s) In the C100 moiety of the C100-3 
polypeptide. Thus NANB^.i and C100 share a common epltope(s). The results suggest that the cDNA sequence 
encoding this NANBV epltope(s) is one which Is present In both clone 5-1-1 and In clone 81 . 

5 iv.H . Characterization of HCV 

IV.H.1 . Characterization of the Strandedness of the HCV Genome. 

[0370] The HCV genome was characterized with respect to its strandedness by isolating the nucleic acid fraction 
10 from particles captured on anti-NANB^^ antibody coated polystyrene beads, and determining whether the isolated 
nucleic acid hybridized with plus and/or minus strands of HCV cDNA. 

[0371] Particles were captured from HCV infected chimpanzee plasma using polystyrene beads coated with immu- 
nopurified anti-NANBs^.., antibody as described In Section IVF.1 . The nucleic acid component of the particles was 
released using the method described in Section IV.F.2. Aliquots of the isolated genomic nucleic acid equivalent to 3 
is mis of high titer plasma were blotted onto nitrocellulose filters. As controls, aliquots of denatured HCV cDNA from clone 
81 (2 plcograms) was also blotted onto the same filters. The filters were probed with 32 P-labeled mixture of plus or 
mixture of minus strands of single stranded DNA cloned from HCV cDNAs; the cDNAs were excised from clones 40b, 
81, and 25c. 

[0372] The single stranded probes were obtained by excising the HCV cDNAs from clones 81 , 40b, and 25c with 
20 EcoRI, and cloning the cDNA fragments in M13 vectors, mp18 and mp19 [Messing (1983)]. The M13 clones were 
sequenced to determine whether they contained the plus or minus strands of DNA derived from the HCV cDNAs. 
Sequencing was by the dideoxychain termination method of Sanger et al. (1977). 

[0373] Each of a set of duplicate filters containing aliquots of the HCV genome isolated from the captured particles 
was hybridized with either plus or minus strand probes derived from the HCV cDNAs. Fig. 41 shows the autoradiographs 
25 obtained from probing the NANBV genome with the mixture of probes derived from clones 81, 40b, and 25c. This 
mixture was used to Increase the sensitivity of the hybridization assay. The samples in panel I were hybridized with 
the plus strand probe mixture. The samples In panel II were probed by hybridization with the minus strand probe mixture. 
The composition of the samples in the panels of the immunoblot are presented in table 4. 



Table 4 



lane 


A 


B 


1 


HCV genome 


* 


2 




* 


3 


* 


cDNA 81 


4 




CDNA 81 



* Is an undescribed sample. 



[0374] As seen from the results in Fig. 41 , only the minus strand DNA probe hybridizes with the Isolated HCV genome. 
40 This result, In combination with the result showing that the genome is sensitive to RNase and not DNase (See Section 
IV.C.2.), suggests that the genome of NANBV is positive stranded RNA. 

[0375] These data, and data from other laboratories concerning the physicochemicaJ properties of a putative NANBV 
(s), are consistent with the possibility that HCV Is a member of the Flaviviridae. However, the possibility that HCV 
represents a new class of viral agent has not been eliminated. 

45 

IV.H .2. Detection of Sequences In Captured Particles Which When Amplified by PCR Hybridize to HCV cDNA Derived 
from Clone 81 

[0376] The RNA in captured particles was obtained as described in Section IV.H.1 . The analysis for sequences which 
50 hybridize to the HCV cDNA derived from clone 81 was carried out utilizing the PCR amplification procedure, as de- 
scribed in Section IV.C.3, except that the hybridization probe was a klnased oligonucleotide derived from the clone 81 
cDNA sequence. The results showed that the amplified sequences hybridized with the clone 81 derived HCV cDNA 
probe. 

55 
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IV.H.3. Homology Between the Non -Structural Protein of Dengue Flavtvirus (MNWVWD1) and the HCV Polypeptides 
Encoded by the Combined ORF of Clones 141 Through 39c 

[0377] The combined HCV cDNAs of clones 141 through 39c contain one continuous ORF, as shown In Fig. 26. The 
5 polypeptide encoded therein was analyzed for sequence homology with the region of the non-structural polypeptide 
(s) In Dengue flavlvlrus (MNWVD1 ). The analysis used the Dayhoff protein data base, and was performed on a com- 
puter. The results are shown In Fig. 42, where the symbol (:) Indicates an exact homology, and the symbol (.) Indicates 
a conservative replacement In the sequence; the dashes indicate spaces inserted Into the sequence to achieve the 
greatest homologies. As seen from the figure, there Is significant homology between the sequence encoded in the 
10 HCV cDNA, and the non-structural polypeptide(s) of Dengue virus. In addition to the homology shown in Fig. 42, 
analysis of the polypeptide segment encoded in a region towards the 3'-end of the cDNA also contained sequences 
which are homologous to sequences in the Dengue polymerase. Of consequence Is the finding that the canonical Gly- 
Asp-Asp (GDD) sequence thought to be essential for RNA-dependent RNA polymerases Is contained in the polypeptide 
encoded In HCV cDNA, in a location which is consistent with that in Dengue 2 virus. (Data not shown.) 



15 



IV.H.4. HCV-DNA Is Not Detectable in NANBH Infected Tissue 



[0378] Two types of studies provide results suggesting that HCV-DNA is not detectable In tissue from an Individual 
with NANBH. These results, In conjunction with those described in IV.C. and IV.H.1 . and IV.H.2. provide evidence that 
20 HCV Is not a DNA containing virus, and that Its replication does not Involve cDNA. 

IV.H.4.a. Southern Blotting Procedure 

[0379] In order to determine whether NANBH infected chimpanzee liver contains detectable HCV-DNA (or HCV- 

25 cDNA), restriction enzyme fragments of DNA isolated from this source was Southern blotted, and the blots probed 
with 32p-labeledHCVcDNA. The results showed that the labeled HCV cDNAdid not hybridize to the blotted DNA from 
the infected chimpanzee liver. It also did not hybridize to control blotted DNA from normal chimpanzee liver, in contrast, 
In a positive control, a labeled probe of the beta-interferon gene hybridized strongly to Southern blots of restriction 
enzyme digested human placental DNA. These systems were designed to detect a single copy of the gene which was 

30 to be detected with the labeled probe. 

[0380] DNAs were Isolated from the livers of two chimpanzees with NANBH. Control DNAs were Isolated from un- 
infected chimpanzee liver, and from human placentas. The procedure for extracting DNA was essentially according to 
Maniatis et al. (1982), and the DNA samples were treated with RNAse during the Isolation procedure. 
[0381] Each DNA sample was treated with either EcoRl, Mbol, or Hindi (12 micrograms), according to the manu- 

35 facturer's directions. The digested DNAs were electrophoresed on 1% neutral agarose gels, Southern blotted onto 
nitrocellulose, and the blotted material hybridized with the appropriate nick-translated probe cDNA (3 x 1 0* cpm/ml of 
hybridization mix). The DNA from infected chimpanzee liver and normal liver were hybridized with 32 P-labeled HCV 
cDNA from clones 36 plus 81; the DNA from human placenta was hybridized with ^P-labeled DNA from the beta- 
interferon gene. After hybridization, the blots were washed under stringent conditions ! i.e., with a solution containing 

40 0.1 x SSC, 0.1% SDS, at 65°C. 

[0382] The beta-interferon gene DNA was prepared as described by Houghton et al (ig81). 

IV.H.4.P. Amplification by the PCR Technique 

45 [0383] In order to determine whether HCV-DNA could be detected In liver from chimpanzees with NANBH, DNA was 
isolated from the tissue, and subjected to the PCR amplification-detection technique using primers and probe polynu- 
cleotides derived from HCV cDN Afrom clone 81 . Negative controls were DNA samples isolated from uninfected HepG2 
tissue culture cells, and from presumably uninfected human placenta. Positive controls were samples of the negative 
control DNAs to which a known relatively small amount (250 molecules) of the HCV cDNA insert from clone 81 was 

so added. 

[0384] In addition, to confirm that RNA fractions Isolated from the same livers of chimpanzees with NANBH contained 
sequences complementary to the HCV-cDNA probe, the PCR amplification-detection system was also used on the 
isolated RNA samples. 

[0385] In the studies, the DNAs were Isolated by the procedure described In Section IV.H.4.a, and RNAs were ex- 
» tracted essentially as described by Chlrgwin et al. (1981). 

[0386] Samples of DNA were isolated from 2 infected chimpanzee livers, from uninfected HepG2 cells, and from 
human placenta. One microgram of each DNA was digested with Hindi 1 1 according to the manufacturer's directions. 
The digested samples were subjected to PCR amplification and detection for amplified HCV cDNA essentially as de- 
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scribed in Section IV.C.3., except that the reverse transcriptase step was omitted. The PCR primers and probe were 
from HCV cDNA clone 81 , and are described in Section IV.C.3.. Prior to the amplification, for positive controls, a one 
microgram sample of each DN A was "spiked" by the addition of 250 molecules of HCV cDNA Insert isolated from done 
81. 

5 [0387] In orderto determine whether HCV sequences were present In RNA isolated trom the livers of chimpanzees 
with NANBH, samples containing 0.4 micrograms of total RNA were subjected to the amplification procedure essentially 
as described in Section IV.C.3., except that the reverse transcriptase was omitted from some of the samples as a 
negative control. The PCR primers and probe were from HCV cDNA clone 81, as described supra. 
[0388] The results showed that amplified sequences complementary to the HCV cDNA probe were not detectable 

10 in the DNAs from infected chimpanzee liver, nor were they detectable in the negative controls. In contrast, when the 
samples, Including the DNA from Infected chimpanzee liver, was spiked with the HCV cDNA prior to amplification, the 
clone 81 sequences were detected in all positive control samples. In addition, in the RNA studies, amplified HCV cDNA 
clone 81 sequences were detected only when reverse transcriptase was used, suggesting strongly that the results 
were not due to a DNA contamination. 

is [0389] These results show that hepatocytes from chimpanzees with NANBH contain no, or undetectable levels, of 
HCV DNA. Based upon the spiking study : if HCV DNA Is present, rt Is at a level far below .06 copies per hepatocyte. 
In contrast, the HCV sequences in total RNA from the same liver samples was readily detected with the PCR technique. 

IV.I. EL ISA Determinations for HCV Infection Using HCV c100-3 As Test Antigen 

20 

[0390] All samples were assayed using the HCV d 00-3 ELISA. This assay utilizes the HCV c100-3 antigen (which 
was synthesized and purified as described in Section IV.B.5), and a horseradish peroxidase (HRP) conjugate of mouse 
monoclonal anti-human IgG. 

[0391] Plates coated with the HCV c100-3 antigen were prepared as follows. A solution containing Coating buffer 
25 (50mM Na Borate, pH 9.0), 21 mi/plate, BSA (25 microg rams/ml), d 00-3 (2.50 micrograms/ml) was prepared Just prior 
to addition to the Removeawell Immulon I plates (Dynatech Corp.). After mixing for 5 minutes, 0.2ml/well of the solution 
was added to the plates, they were covered and incubated for 2 hours at 37°C, after which the solution was removed 
by aspiration. The wells were washed once with 400 microliters Wash Buffer (100 mM sodium phosphate, pH 7.4, 140 
mM sodium chloride, 0.1 % (W/V) casein, 1 % (W/V) Triton x-1 00, 0.01 % (W/V) Thimerosal). After removal of the wash 
30 solution, 200 mlcroliters/well of Postcoat solution (10 mM sodium phosphate, pH 7.2, 150 mM sodium chloride, 0.1% 
(w/v) casein and 2 mM phenylmethylsulfonylfluoride (PMSF)) was added, the plates were loosely covered to prevent 
evaporation, and were allowed to stand at room temperature for 30 minutes. The wells were then aspirated to remove 
the solution, and lyophiiized dry overnight, without shelf heating. The prepared plates may be stored at 2-8°C in sealed 
aluminum pouches. 

35 [0392] In orderto perform the ELISA determination, 20 microliters of serum sample or control sample was added to 
a well containing 200 microliters of sample diluent (100 mM sodium phosphate, pH 7.4, 500 mM sodium chloride, 1 
mM EDTA. 0.1% (W/V) Casein, 0.015 (W/V) Therosal, 1% (WW) Triton X-1 00, 1 00 micrograms/ml yeast extract). The 
plates were sealed, and incubated at 37°C for two hours, after which the solution was removed by aspiration, and the 
wells were washed with 400 microliters of wash buffer (phosphate buffered saline (PBS) containing 0.05% Tween 20). 

40 The washed wells were treated with 200 microliters of mouse anti-human IgG-HRP conjugate contained in a solution 
of Ortho conjugate diluent (10 mM sodium phosphate, pH 7.2, 1 50 mM sodium chloride, 50% (V/V) fetal bovine serum, 
1% (V/V) heat treated horse serum, 1 mM KgFe (CN) 6 , 0.05% (WA/) Tween 20, 0.02% (WA/) Thimerosal). Treatment 
was for 1 hour at 37*C, the solution was removed by aspiration, and the wells were washed with wash buffer, which 
was also removed by aspiration. To determine the amount of bound enzyme conjugate, 200 microliters of substrate 

45 solution (10 mg O-phenylenedlamlne dihydrochlorlde per 5 ml of Developer solution) was added. Developer solution 
contains 50 mM sodium citrate adjusted to pH 5.1 with phosphoric acid, and 0.6 micro liters/ml of 30% H 2 0 2 . The plates 
containing the substrate solution were incubated in the dark for 30 minutes at room temperature, the reactions were 
stopped by the addition of 50 microliters/ml 4N sulfuric acid, and the CDs determined. 

[0393] The examples provided below show that the microtlter plate screening ELISA which utilizes HCV c100-3 
so antigen has a high degree of specificity, as evidenced by an Initial rate of reactivity of about 1%, with a repeat reactive 
rate of about 0.5% on random donors. The assay Is capable of detecting an Immunoresponse in both the post acute 
phase of the infection, and during the chronic phase of the disease. In addition, the assay Is capable of detecting some 
samples which score negative in the surrogate tests for NANBH; these samples come from Individuals with a history 
of NANBH, or from donors implicated In NANBH transmission. 
55 [0394] In the examples described below, the following abbreviations are used: 

ALT Alanine amino transferase 

Anti-H Be Antibody against HBc 
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Antl-HBsAg 


Antibody against HBsAg 




HBc 


Hepatitis B core antigen 




ABsAg 


Hepatitis B surface antigen 




IgG 


Immunoglobulin G 


5 


IgM 


Immunoglobulin M 




IU/L 


International units/Liter 




NA 


Not available 




NT 


Not tested 




N 


Sample size 


10 


Neg 


Negative 




OD 


Optical density 




Pos 


Positive 




S/CO 


Signai/cutoff 




SD 


Standard deviation 


15 


X 


Average or mean 




WNL 


Within normal limits 



IV. 1.1, HCV Infection in a Population of Random Blood Donors 

20 [0395] A group of 1 ,056 samples (frosh sera) from random blood donors were obtained from Irwin Memorial Blood 
Bank, San Francisco, California. The test results obtained with these samples are summarized in a histogram showing 
the distribution of the OD values (Fig. 43). As seen in Fig. 43, 4 samples read >3, 1 sample reads between 1 and 3, 5 
samples read between 0.4 and 1 , and the remaining 1 ,046 samples read <0.4, with over 90% of these samples reading 
<0.1. 

25 [0396] The results on the reactive random samples are presented in Table 5. Using a cut-off value equal to the mean 
plus 5 standard deviations, ten samples out of the 1 ,056 (0.95%) were initially reactive. Of these, five samples (0.47%) 
repeated as reactive when they were assayed a second time using the ELISA. Table 5 also shows the ALT and Anti- 
HBd status for each of the repeatedly reactive samples. Of particular Interest is the fact that all five repeat reactive 
samples were negative in both surrogate tests for NANBH, while scoring positive in the HCV ELISA. 

30 

TABLE 5 



35 



40 



45 



50 



RESULTS ON REACTIVE RANDOM SAMPLES 


N = 1051 








X = 0.049* 








SD = ± 0.074 








Cut-off: x + 5SD = 0.419 (0.400 4- Negative Control) 






Samples 


Initial Reactives OD 


Repeat Reactives OD 


ALT* 


Anti HBc*** 








(IU/L) 


(OD) 


4227 


0.462 


0.084 


NA 


NA 


6292 


0.569 


0.294 


NA 


NA 


6188 


0.699 


0.326 


NA 


NA 


6157 


0.735 


0.187 


NA 


NA 


6277 


0.883 


0.152 


NA 


NA 


6397 


1.567 


1.392 


30.14 


1.433 


6019 


>3.000 


>3.000 


46.48 


1.057 


6651 


>3.000 


>3.000 


48.53 


1.343 


6669 


>3.000 


>3.000 


60.53 


1.165 


4003 


>3.000 


3.000 


WNL**** 


Negative 




10/1056 = 0.95% 


5/1056 = 0.47% 







* Samples reading >1 .5 were not included in calculating the Mean and SO 
~ ALT £ 68 IU/L Is above normal limits. 
55 **« Anti-HBc 6 0.535 (competition assay) Is considered positive. 

"«* WNL: Within normal limits. 
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IV.I.2. Chimpanzee Serum Samples 

[0397] Serum samples trom eleven chimpanzees were tested with the HCV c1 00-3 ELISA. Four of these chimpan- 
zees were infected with NANBH from a contaminated batch of Factor VIII (presumably Hutchinson strain), following 
5 an established procedure in a collaboration with Dr. Daniel Bradley at the Centers for Disease Control. As controls, 
four other chimpanzees were infected with HAV and three with HBV. Serum samples were obtained at different times 
after Infection. 

[0398] The results, which are summarized In Table 6, show documented antibody seroconversion in all chimpanzees 
Infected with the Hutchinson strain of NANBH. Following the acute phase of infection (as evidenced by the significant 
10 rise and subsequent return to normal of ALT levels), antibodies to HCV c1 00-3 became detectable in the sera of the 
4/4 NANBH infected chimpanzees. These samples had previously been shown, as discussed in Section IV.B.3., to be 
positive by a Western analysis, and an Rl A. In contrast, none of the control chimpanzees which had been Infected with 
HAV or HBV showed evidence of reactivity in the ELISA. 



TABLE 6 



20 



35 



40 



45 



55 



CHIMPANZEE SERUM SAMPLES 




OD 


S/CO 


INOCULATION 


BLEED DATE 


ALT (IU/L) 


TRANSFUSED 








UAI t 








NEGATIVE 


0.001 












UUrNJ I nvJL 














rUol I IVt 




























CUTOFF 


0.401 














-0.007 


0.00 


05/24/81 


05/21/84 


9 


NANB 




0 01 




08/07/8 1 


71 






..a nnn 


>7.48 




09/1 8/84 


19 








-±7 ASK 




1 0/24/84 






Chimp 2 






06/07/84 




... 


NANB 




-u.uuo 


n on 




05/31/84 


5 






u.uuo 


n nn 




06/28/84 


52 






0.945 


2.36 




08/20/84 


13 






>3.000 


>7.48 




10/24/84 






Chimp 3 


0.005 


0.01 


03/14/85 


03/14/85 


8 


NANB 


0.017 


0.04 




04/26/85 


205 






0.006 


0.01 




05/06/85 


14 






1.010 


2.52 




08/20/85 


6 




Chimp 4 


-0.006 


0.00 


03/11/85 


03/11/85 


11 


NANB 


0.003 


0.01 




05/09/85 


132 






0.523 


1.31 




06/06/85 








1.574 


3.93 




08/01/85 






Chimp 5 


-0.006 


0.00 


11/21/80 


11/21/80 


4 


HAV 


0.001 


0.00 




12/16/80 


147 






0.003 


0.01 




12/30/80 


18 






0.006 


0.01 




07/29 - 08/21/81 


5 




Chimp 6 






05/25/82 






HAV 




-0.005 


0.00 




05/17/82 








0.001 


0.00 




06/10/82 


106 






-0.004 


0.00 




07/06/82 


10 






0.290 


0.72 




10/01/82 






Chimp 7 


-O.OOB 


0.00 


05/25/82 


05/25/82 


7 


HAV 


-0.004 


0.00 




06/17/82 


83 






-0.006 


0.00 




09/16/82 


5 






0.005 


0.01 




10/09/82 







50 



EP00031S2I6 [httrjT/wwwjge^^ Pa ^ e 51 of 1 1 



EP 0 318 216 B2 



TABLE 6 (continued) 





CHIMPANZEE SERUM SAMPLES 








OD 


s/co 


INOCULATION 


BLEED DATE 


ALT (IU/L) 


TRANSFUSED 


5 








DATE 










phimn ft 

L»mmp o 


-0.007 


0.00 


11/21/80 


11/21/80 


15 


INV 




u.uuu 


n no 




12/16/80 


130 








U.UU4 


ft ft1 

U.U 1 




09/03/8 1 


8 








u.uuu 


ft on 
u.uu 




06/03 - 06/10/81 


4.5 




10 


nhlmn Q 

w 1 1 Li 1 1 yj w 






07/24/80 






HBV 






o.uiy 


ft ftS\ 

u.uo 




OR/?? - 10/10/79 
















UlV 1 I/O 1 


57 








u.u io 


ft 01 

U.U 1 




07/01 - 08/05/81 


9 




15 




u.uuo 


ft ftp 




10/01/B1 


6 






ChimD 1 0 






05/12/82 






HBV 






0.011 


0.03 




04/21 -05/12/82 


9 








0.015 


0.04 




09/01 - 09/08/82 


126 








0.008 


0.02 




12/02/82 


9 




20 




0.010 


0.02 




01/06/83 


13 






Chimp 11 






05/12/82 






HBV 






0.000 


0.00 




01/06-05/12/82 


11 














06/23/82 


100 




25 




-0.003 


0.00 




06/09 - 07/07/82 










- 0.003 


0.00 




10/28/82 


I 9 








-0.003 


0.00 




12/20/82 


10 





IV.I.3. Panel 1 : Proven Infectious Sera from Chronic Human NANBH Carriers 

30 

[0399] A coded panel consisted of 22 unique samples, each one in duplicate, for a total of 44 samples. The samples 
were from proven Infectious sera from chronic NANBH carriers, infectious sera from implicated donors, and infectious 
sera from acute phase NANBH patients. In addition, the samples were from highly pedigreed negative controls, and 
other disease controls. This panel was provided by Dr. H. Alter of the Department of Health and Human Services, 
35 National Institutes of Health, Bethesda, Maryland. The panel was constructed by Dr. Alter several years ago, and has 
been used by Dr. Alter as a qualifying panel for putative NANBH assays. 

[0400] The entire panel was assayed twice with the ELISA assay, and the results were sentto Dr. Alter to be scored. 
The results of the scoring are shown in Table 7. Although the Table reports the results of only one set of duplicates, 
the same values were obtained for each of the duplicate samples. 

40 [0401] As shown in Table 7, 6 sera which were proven infectious in a chimpanzee model were strongly positive. The 
seventh infectious serum corresponded to a sample for an acute NANBH case, and was not reactive in this ELISA. A 
sample from an Implicated donor with both normal ALT levels and equivocal results In the chimpanzee studies was 
non-reactive in the assay. Three other serial samples from one individual with acute NANBH were also non-reactive. 
All samples coming from the highly pedigreed negative controls, obtained from donors who had at least 10 blood 

45 donations without hepatitis implication, were non-reactive in the ELISA. Finally, four of the samples tested had previ- 
ously scored as positive in putative NANBH assays developed by others, but these assays were not confirmable. These 
four samples scored negatively with the HCV ELISA. 



TABLE 7 



50 


H. ALTERS PANEL 1: 




PANEL 


1ST RESULT 


2ND RESULT 




1) 


PROVEN INFECTIOUS BY CHIMPANZEE TRANSMISSION 








A. 


CUROUIC NAN8; POST-TX 






55 






JF 


+ 


-»- 








EB 


+ 
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TABLE 7 (continued) 





H. ALTER'S PANEL 1 : 






PANEL 


A CT QCCI II T 


2ND RESULT 


5 




B. 


PG 

IMPLICATED DONORS WITH ELEVATED ALT 

BC 

JJ 

BB 


+ 

4* 
4- 
+ 


+ 

4- 


10 




C. 


ACUTE NANB; POST-TX 
Wl! 




- 




2) 


EQUIVOCALLY INFECTIOUS BY CHIMPANZEE TRANSMISSION 








A. 


IMPLICATED DONOR WITH NORMAL ALT 






15 






CC 




- 






JL WEEK 1 
JL WEEK 2 
JL WEEK 3 


- 


- 




4) 


DISEASE CONTROLS 






20 




A. 
B. 


PRIMARY BILIARY CIRRHOSIS 
EK 

ALCOHOLIC HEPATITIS IN RECOVERY 
HB 




■ 
* 


25 


5) 


PEDIGREED NEGATIVE CONTROLS 










DH 
DC 
LV 
ML 




- 


30 






All 








6) 


POTENTIAL NANB "Am-|GENS" 












JS-80-01T-0 (ISHIDA) 












ASTERIX ( TREPO) 












ZURXZ (ARNOLD) 






35 






BECASSDINE (TREPO) 







IV.l.4. Panel 2: Donor/Recipient NANBH 

[0402] The coded panel consisted of 10 unequivocal donor-recipient cases of transfusion associated NANBH, with 
a total of 1 88 samples. Each case consisted of samples of some or all the donors to the recipient, and of serial samples 
(drawn 3, 6, and 1 2 months after transfusion) from the recipient. Also Included was a pre-bleed, drawn from the recipient 
before transfusion. The coded panel was provided by Dr. H. Alter, from the NIH, and the results were sent to him for 
scoring. 

[0403] The results, which are summarized in Table 8, show that the ELISA detected antibody seroconversion in 9 of 
10 cases of transfusion associated NANBH. Samples from case 4 (where no seroconversion was detected), consist- 
ently reacted poorly in the ELISA. Two of the 10 recipient samples were reactive at 3 months post transfusion. At six 
months, 8 recipient samples were reactive; and at twelve months, with the exception of case 4, ail samples were 
reactive. In addition, at least one antibody positive donor was found In 7 out of the 10 cases, with case 10 having two 
positive donors. Also, in case 1 0, the recipient's pre-bleed was positive for HCV antibodies. The one month bleed from 
this recipient dropped to borderline reactive levels, while it was elevated to positive at 4 and 1 0 month bleeds. Generally, 
a S/CO of 0.4 is considered positive. Thus, this case may represent a prior infection of the individual with HCV. 
[0404] The ALT and HBc status for all the reactive, i.e., positive, samples are summarized in Table 9. As seen in the 
table, 1/8 donor samples was negative for the surrogate markers and reactive in the HCV antibody ELISA. On the 
other hand, the recipient samples (followed up to 12 months after transfusion) had either elevated ALT, positive Anti- 
HBc,orboth. 
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TABLE 8 











DONOR/RECIPIENT NANB PANEL 
















H. ALTER DONOR/RECIPIENT NANB PANEL 








5 


CASE 


DONOR 


RECIPIENT 


3 MONTHS 


POST-TX 6 


12 MONTHS 










PRESLEED 






MONTHS 










OD 


S/CD 


OD 


S/CD 


OD ! 


S/CD 


OD 


S/CD 


OD 


S/CO 




1. 






.032 


0.07 


.112 


0.26 


>3.000 


>6.96 


>3.000 


>6.96 


10 


2. 






.059 


0.14 


.050 


0.12 


1.681 


3.90 


>3.000 


>6.96 




3. 


.403 


0.94 


.049 


0.11 


057 


0.13 


>3.000 


>6.96 


>3.000 


>6.96 




4. 






.065 


0.15 


.073 


0.17 


.067 


0.16 


.217 


0.50 




5. 


>3.000 


>6.96 


.034 


0.08 


.096 


0.22 


>3.000 


>6.96 


>3.000 


>6.96 




6. 


>3.000 


>6.96 


.056 


0.13 


1.475 


3.44 


>3.000 


>6.96 


>3.000 


>6.96 


15 


7. 


>3.000 


>6.96 


.034 


0.08 


.056 


0.13 


>3.000 


>6.96 


>3.000 


>6.96 




8. 


>3.000 


>6.96 


.061 


0.14 


.078 


0.18 


2.262 


5.28 


>3.000 


>6.96 




9. 


>3.000 


>6.96 


.080 


0.19 


.127 


0.30 


.055 


0.13 


>3.000 


>6.96 




10. 


>3.000 


>6.96 


>3.000 


>6.96 


.317* 


0.74 


>3.000** 


>6.96 


>3.000"* 


>6.96 


20 




>3.000 


>6.96 



















* 1 MONTH, 
** 4 MONTHS, 
— 10 MONTHS 



TABLE 9 



30 



35 



40 



50 



ALT AND HBc STATUS FOR REACTIVE SAMPLES IN H. ALTER PANEL 1 


Samples 


Antl-ALT* 


HBc** 


Donors 


Case 3 




Normal 


Negative 


Case 5 




Elevated 


Positive 


Case 6 




Elevated 


Positive 


Case 7 




Not available 


Negative 


Case 8 




Normal 


Positive 


Case 9 




Elevated 


Not available 


Case 10 




Normal 


Positive 


Case 10 




Normal 


Positive 


Recipients 


Case 1 


6 mo 


Elevated 


Positive 


12 mo 


Elevated 


Not tested 




Case 2 


6 mo 


Elevated 


Negative 


12 mo 


Elevated 


Not tested 




Case3 


6 mo 


Normal 


Not tested*** 


12 mo 


Elevated 


Not tested*** 




Case 5 


6 mo 


Elevated 


Not tested 


12 mo 


Elevated 


Not tested 




Case 6 


3 mo 


Elevated 


Negative 



* ALT 245 IU/L is above normal limits. 

Anti-HBc £50% (competition assay) is considered positive. 
— Prebieed and 3 mo samples were negative far HBc. 
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TABLE 9 (continued) 



5 



10 



ALT AND HBc STATUS FOR REACTIVE SAMPLES IN H. ALTER PANEL 1 


Samples 


Anti-ALT* 


HBc" 


Recipients 


6 mo 


Elevated 


Negative 




12 mo 


Elevated 


Not tested 




Case 7 


6 mo 


Elevated 


Negative 


12 mo 


Elevated 


Negative 




Case 6 


6 mo 


Normal 


Positive 


12 mo 


Elevated 


Not tested 




Case 9 


12 mo 


Elevated 


Not tested 


Case 10 


4 mo 


Elevated 


Not tested 


10 mo 


Elevated 


Not tested 





* ALT £45 IU/L Is above normal limits. 

** Anti-HBc 550% (competition assay) is considered positive. 



IV. 1. 5. Determination of HCV Infection in High Risk Group Samples 

20 

[0405] Samples from high risk groups were monitored using the ELlSAto determine reactivity to HCV c1 00-3 antigen. 
These samples were obtained Trom Dr. Gary Tegtmeier, Community Blood Bank, Kansas City. The results are sum- 
marized in Table 10. 

[0406] As shown in the table, the samples with the highest reactivity are obtained from hemophiliacs (76%). In ad- 
25 dltlon, samples from Individuals with elevated ALT and positive for Anti-HBc, scored 51% reactive, a value which is 
consistent with the value expected from clinical data and NANBH prevalence in this group. The incidence of antibody 
to HCV was also higher In blood donors with elevated ALT alone, blood donors positive for antibodies to Hepatitis B 
core alone, and in blood donors rejected for reasons other than high ALT or anti-core antibody when compared to 
random volunteer donors. 

30 

TABLE 10 



55 



NANBH HIGH RISK GROUP SAMPLES 


Group 




N 


Distribution 


% Reactive 








N 


OD 




Elevated ALT 




35 


3 


>3.000 


11.4% 




1 


0.728 








Anti-HBc 




24 


5 


>3.000 


20.8% 


Elevated ALT, Anti-HBc 




33 


12 


>3.000 


51.5% 




1 


2.768 










1 


2.324 










1 


0.939 










1 


0.951 










1 


0.906 








Rejected Donors 




25 


5 


>3.000 


20.0% 


Donors with History of Hepatitis 




150 


19 


>3.000 


14. 7% 




1 


0.837 










1 


0.714 










1 


0.469 
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TABLE 10 (continued) 



w 



15 



NANBH HIGH RISK GROUP SAMPLES 


Group 


N 


Distribution 


% Reactive 






N 


OD 




Haemophiliacs 




50 


31 


>3.000 


76.0% 






2.568 












2.483 












2.000 












1.979 












1.495 












1.209 












0.819 









IV. 1. 6 Comparative Studies Using Anti-lgG or Antl-IgM Monoclonal Antibodies, or Polyclonal Antibodies as a Second 
Antibody in the HCVc1Q0-3 ELISA ~ ~~ 

[0407] The sensitivity of the ELISA determination which uses the anti-lgG monoclonal conjugate was compared to 
that obtained by using either an anti-IgM monoclonal conjugate, or by replacing both with a polyclonal antiserum re- 
ported to be both heavy and light chain specific. The following studies were performed. 

IV.I.6.a. Serial Samples from Seroconverters 

[0408] Serial samples from three cases of NANB seroconverters were studied in the HCV d 00-3 ELISA assay using 
in the enzyme conjugate eitherthe anti-lgG monoclonal alone, or in combination with an anti-IgM monoclonal, or using 
a polyclonal antiserum. The samples were provided by Dr. Cladd Stevens, N.Y. Blood Center, N.Y.C.. N.Y.. The sample 
histories are shown In Table 11 . 

[0409] The results obtained using an anti-lgG monoclonal antibody-enzyme conjugate are shown in Table 12. The 
data shows that strong reactivity is initially detected in samples 1-4, 2-8, and 3-5, of cases 1 , 2, and 3, respectively. 
[0410] The results obtained using a combination of an anti-lgG monoclonal conjugate and an anti-IgM conjugate are 
shown in Table 13. Three different ratios of anti-lgG to anti-IgM were tested; the 1:10,000 dilution of anti-lgG was 
constant throughout. Dilutions tested for the anti-IgM monoclonal conjugate were 1 :30,000, 1 :6Q,000, and 1 :1 20,000. 
The data shows that, in agreement with the studies with anti-lgG alone, initial strong reactivity is detected in samples 
1-4,2-8, and 3-5. 

[0411] The results obtained with the ELISA using anti-lgG monoclonal conjugate (1 :1 0,000 dilution), or Tago poly- 
clonal conjugate (1:80,000 dilution), or Jackson polyclonal conjugate (1:80,000 dilution) are shown In Table 14. The 
data indicates that initial strong reactivity is detected in samples 1-4, 2-8, and 3-5 using all three configurations; the 
Tago polyclonal antibodies yielded the lowest signals. 

[0412] The results presented above show that all three configurations detect reactive samples at the same time after 
the acute phase of the disease (as evidenced by the ALT elevation). Moreover, the results indicate that the sensitivity 
of the HCV dOO-3 ELISA using anti-lgG monoclonal-enzyme conjugate is equal to or better than that obtained using 
the other tested configurations for the enzyme conjugate. 



TABLE 11 



50 



DESCRIPTION OF SAMPLES FROM CLADD STEVENS PANEL 




Date 


HBsAg 


Anti-HBs 


Anti-HBc 


ALT 


Bilirubin 


Case 1 


1-1 


8/5/81 


1.0 


91.7 


12.9 


40.0 


-1.0 


1-2 


9/2/81 


1.0 


121.0 


15.1 


274.0 


1.4 


1-3 


10/7/81 


1.0 


64.0 


23.8 


261.0 


0.9 


1-4 


11/19/81 


1.0 


67.3 


33.8 


75.0 


0.9 
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TABLE 11 (continued) 



5 



to 



20 



25 



DESCRIPTION OF SAMPLES FROM CLADD STEVENS PANEL 




Date 


HBsAg 


Anti-HBs 


Anti-HBc 


ALT 


Bilirubin 


Case 1 


1-5 


12/15/81 


1.0 


50.5 


27.6 


71.0 


1.0 


Case 2 


2-1 


10/19/81 


1.0 


1.0 


116.2 


17.0 


-1.0 


2-2 


11/17/81 


1.0 


0.8 


89.5 


46.0 


1.1 


2-3 


12/02/81 


1.0 


1.2 


78.3 


63.0 


1.4 


2-4 


12/14/31 


1.0 


0.9 


90.6 


152.0 


1.4 


2-5 


12/2a/81 


1.0 


0.8 


93.6 


624.0 


1.7 


2-6 


1/20/82 


1.0 


0.8 


92.9 


66.0 


1.5 


2-7 


2/15/82 


1.0 


0.8 


86.7 


70.0 


1.3 


2-8 


3/1 7/82 


1.0 


0.9 


69.8 


24.0 


-1.0 


2-9 


4/21/82 


1.0 


0.9 


67.1 


53.0 


1.5 


2-10 


3/19/82 


1.0 


0.5 


74.8 


95.0 


1.6 


2-11 


6/14/82 


1.0 


0.8 


82.9 


37.0 


-1.0 


Case 3 


3-1 


4/7/81 


1.0 


1.2 


88.4 


13.0 


-1.0 


3-2 


5/12/81 


1.0 


1.1 


126.2 


236.0 


0.4 


3-3 


5/30/81 


1.0 


0.7 


99.9 


471.0 


0.2 


3-4 


6/9/81 


1.0 


1.2 


110.8 


315.0 


0.4 


3-5 


7/6/81 


1.0 


1.1 


89.9 


273.0 


0.4 


3-6 


8/10/81 


1.0 


1.0 


118.2 


158.0 


0.4 


3-7 


9/8/81 


1.0 


1.0 


112.3 


84.0 


0.3 


3-8 


10/14/B1 


1.0 


0.9 


102.5 


180.0 


0.5 


3-9 


11/11/81 


1.0 


1.0 


84.6 


154.0 


0.3 



TABLE 12 



40 



45 



55 



ELISA RESULTS OBTAINED USING AN ANTI-IgG MONOCLONAL CONJUGATE 


SAMPLE 


DATE 


ALT 


OD 


S/CO 


NEG CONTROL 






.076 




CUTOFF 






.476 




PC (1:128) 






1.390 




CASE #1 


1-1 


08/05/81 


40.0 


.178 


.37 


1-2 


09/02/81 


274.0 


.154 


.32 


1-3 


10/07/81 


261.0 


.129 


.27 


1-4 


11/19/81 


75.0 


.937 


1.97 


1-5 


12/15/81 


71.0 


>3.000 


>6.30 


CASE #2 


2-1 


10/19/81 


17.0 


.058 


0.12 


2-2 


11/17/81 


46.0 


.050 


0.11 


2-3 


12/02/81 


63.0 


.047 


0.10 


2-4 


12/14/81 


152.0 


.059 


0.12 


2-5 


12/23/81 


624.0 


.070 


0.15 


2-6 


01/20/82 


66.0 


.051 


0.11 
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TABLE 12 (continued) 



ELISA RESULTS OBTAINED USING AN ANTI-IgG MONOCLONAL CONJUGATE 


SAMPLE 


DATE 


ALT 


OD 


S/CO 


CASE #2 


2-7 


02/15/82 


70.0 


.139 


0.29 


2-8 


03/17/82 


24.0 


1.867 


3.92 


2-9 


04/21/82 


53.0 


>3.000 


>6.30 


2-10 


05/19/82 


95.0 


>3.000 


>6.30 


2-11 


06/14/82 


37.0 


>3.000 


>6.30 


CASE #3 


3-1 


04/07/81 


13.0 


.090 


.19 


3-2 


05/12/81 


236.0 


.064 


.13 


3-3 


05/30/81 


471.0 


.079 


.17 


3-4 


06/09/81 


315.0 


.211 


.44 


3-5 


07/06/81 


273.0 


1.707 


3.59 


3-6 


08/10/81 


158.0 


>3.000 


>6.30 


3-7 


09/08/81 


84.0 


>3.000 


>6.30 


3-8 


10/14/81 


180.0 


>3.000 


>6.30 


3-9 


11/11/81 


154.0 


>3.000 


>6.30 



25 



TABLE 13 



50 



ELISA RESULTS OBTAINED USING ANTI-IgG and ANTI-IgM MONOCLONAL CONJUGATE 








NANB ELISAs 








MONOCLONALS 


MONOCLONALS 


MONOCLONALS 








lgG1:10K 


IgG 1:1 OK 


IgG 1:1 OK 








IgM 1:30K 


IgM 1:60K 


IgM 1 :120K 


SAMPLE 


DATE 


ALT 


OD S/CO 


OD S/CO 


OD S/CO 


NEG CONTROL 






.100 


.080 


.079 


CUTOFF 












PC (1:128) 






1.083 


1.328 


1.197 


CASE #1 


1-1 


08/05/81 


40 


.173 


.162 


.070 


1-2 


09/02/81 


274 


.194 


.141 


.079 


1-3 


10/07/81 


261 


.162 


.129 


.063 


1-4 


11/19/81 


75 


.312 


.85 


.709 


1-5 


12/15/81 


71 


>3.00 


>3.00 


>3.00 


CASE #2 


2-1 


10/19/81 


17 


.442 


.045 


.085 


2-2 


11/17/81 


46 


.102 


.029 


.030 


2-3 


12/02/31 


63 


.059 


.036 


.027 


2-4 


12/14/31 


152 


.065 


.041 


.025 


2-5 


12/23/81 


624 


.082 


.033 


.032 


2-6 


01/20/82 


66 


.102 


.042 


.027 


2-7 


02/15/82 


70 


.188 


.068 


.096 


2-8 


03/17/82 


24 


1.728 


1.668 


1.541 


2-9 


04/21/82 


53 


>3.00 


2.443 


>3.00 
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TABLE 13 (continued) 



5 



10 



20 



ELISA RESULTS OBTAINED USING ANTI-lqG and ANTI-IgM MONOCLONAL CONJUGATE 








NANB ELISAs 


CASE #2 


2-10 


05/19/82 


95 


>3.00 


>3.00 


>3.00 


2-11 


06/14/82 


37 


>3.00 


>3.00 


>1.00 


CASE #3 


3-1 


04/07/81 


13 


.193 


.076 


.049 


3-2 


05/12/81 


236 


.201 


.051 


.038 


3-3 


05/30/81 


471 


.132 


.067 


.052 


3-4 


06/09/81 


315 


.175 


.155 


.140 


3-5 


07/06/81 


273 


1.335 


1.238 


1.260 


3-6 


08/10/81 


158 


>3.00 


>3.00 


>3.0Q 


3-7 


09/08/81 


84 


>3.00 


>3.00 


>3.00 


3-8 


10/14/81 


180 


>3.00 


>3.00 


>3.00 


3-9 


11/11/81 


154 


>3.00 


>3.00 


>3.00 



TABLE 14 



25 



30 



40 



45 



50 



55 



ELISA RESULTS OBTAINED USING POLYCLONAL CONJUGATES 








NANB ELISAs 










MONOCLONAL 


TAGO 


JACKSON 










1:10K 




1:80K 




1:80K 


SAMPLE 


DATE 


ALT 


OD 


S/CO 


OD 


S/CO 


OD 


S/CO 


NEG CONTROL 






.076 




.045 




.154 




CUTOFF 






.476 




.545 




.654 




PC (1:128) 






1 .390 




.727 




2.154 




CASE #1 


1-1 


08/05/81 


40 


.178 


.37 


.067 


.12 


.153 


.23 


1-2 


09/02/81 


274 


.154 


.32 


.097 


.18 


.225 


.34 


1-3 


10/07/81 


261 


.129 


.27 


.026 


.05 


.167 


.26 


1-4 


11/19/81 


75 


.937 


1.97 


.324 


.60 


.793 


1.21 


1-5 


12/15/81 


71 


>3.00 


>6.30 


1.778 


3.27 


>3.00 


>4.59 


CASE #2 


2-1 


10/19/81 


17 


.058 


.12 


.023 


.04 


.052 


.08 


2-2 


11/17/81 


46 


.050 


.11 


.018 


.03 


.058 


.09 


2-3 


12/02/81 


63 


.047 


.10 


.020 


.04 


.060 


.09 


2-4 


12/14/81 


152 


.059 


.12 


.025 


.05 


.054 


.08 


2-5 


12/23/81 


624 


.070 


.15 


.026 


.05 


.074 


.11 


2-6 


01/20/82 


66 


.051 


.11 


.018 


.03 


.058 


.09 


2-7 


02/15/82 


70 


.139 


.29 


.037 


.07 


.146 


.22 


2-8 


03/17/82 


24 


1.867 


3.92 


.355 


.65 


1.429 


2.19 


2-9 


04/21/82 


53 


>3.00 


>6.30 


.748 


1.37 


>3.00 


>4.59 


2-10 


05/19/82 


95 


>3.00 


>6.30 


1.025 


1.88 


>3.00 


>4.59 


2-11 


06/14/82 


37 


>3.00 


>6.30 


.917 


1.68 


>3.00 


>4.59 


CASE #3 


3-1 


04/07/81 


13 


.090 


.19 


.049 


.09 


.138 


.21 
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TABLE 14 (continued) 



ELISA RESULTS OBTAINED USING POLYCLONAL CONJUGATES 








NANB ELISAs 


CASE #3 


3-2 


05/12/81 


236 


.064 


.13 


.040 


.07 


.094 


.14 


3-3 


05/30/81 


471 


.079 


.17 


.045 


.08 


.144 


.22 


3-4 


06/09/81 


315 


.211 


.44 


.085 


.16 


.275 


.42 


3-5 


07/06/81 


273 


1.707 


3.59 


.272 


.50 


1.773 


2.71 


3-6 


08/10/81 


158 


>3.00 


>6.30 


1.347 


2.47 


>3.00 


>4.59 


3-7 


09/08/81 


84 


>3.00 


>6.30 


2.294 


4.21 


>3.00 


>4.59 


3-8 


10/14/81 


180 


>3.00 


>6.30 


>3.00 


>5.50 


>3.00 


>4.59 


3-9 


11/11/81 


154 


>3.00 


>6.30 


>3.00 


>5.50 


>3.00 


>4.59 



IV.I.6.b. Samples from Random Blood Donors 

[0413] Samples from random blood donors (See Section IV.1.1 .) were screened for HCV infection using the HCV 
C100-3 ELISA, in which the antibody-enzyme conjugate was either an anti-IgG monoclonal conjugate, or a polyclonal 
conjugate. The total number of samples screened were 1 077 and 1 056, for the polyclonal conjugate and the monoclonal 
conjugate, respectively. A summary of the results of the screening is shown in Table 15, and the sample distributions 
are shown in the histogram in Fig. 44. 

[0414] The calculation of the average and standard deviation was performed excluding samples that gave a signal 
over 1 .5, i.e., 1073 OD values were used for the calculations utilizing the polyclonal conjugate, and 1051 for the anti- 
IgG monoclonal conjugate. As seen in Table 15, when the polyclonal conjugate was used, the average was shifted 
from 0.0493 to 0.0931 , and the standard deviation was Increased from 0.074 to 0.0933. Moreover, the resufts also 
show that if the criteria of x +5SD is employed to define the assay cutoff, the polyclonal-enzyme conjugate configuration 
in the ELISA requires a higher cutoff value. This Indicates a reduced assay specificity as compared to the monoclonal 
system. In addition, as depicted In the histogram In Fig. 44, a greater separation of results between negative and 
positive distributions occurs when random blood donors are screened in an ELISA using the anti-IgG monoclonal 
conjugate as compared to the assay using a commercial polyclonal label. 



TABLE 15 



35 


COMPARISON OF TWO ELISA CONFIGURATIONS IN TESTING SAMPLES FROM RANDOM BLOOD DONORS 


CONJUGATE 


POLYCLONAL (Jackson) 


ANTl-IgG MONOCLONAL 




Number of samples 


1073 


1051 




Average (x) 


0.0931 


0.04926 


40 


Standard deviation (SD) 


0.0933 


0.07427 




5SD 


0.4666 


0.3714 




CUT-OFF (5 SD + x) 


0.5596 


0.4206 



IV. J. Detection of HCV Seroconversion in NANBH Patients from a Variety of Geographical Locations 



[0415] Sera from patients who were suspected to have NANBH based upon elevated ALT levels, and who were 
negative In HAV and HBV tests were screened using the RIA essentially as described in Section IV.D., except that the 
HCV C100-3 antigen was used as the screening antigen in the microtiter plates. As seen from the results presented 
in Table 16, the RIA detected positive samples in a high percentage of the cases. 

50 

Table 16 



Seroconversion Frequencies for Anthc100-3 Among NANBH Patients in Different Countries 


Country 


The Netherlands 


Italy 


Japan 


No. Examined 


5 


36 


26 


No. Positive 


3 


29 


19 


% Positive 


60 


80 


73 
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IV.K. Detection of HCV Seroconversion In Patients with "Community Acquired" NANBH 

[0416] Sera which was obtained from 1 00 patients with NANBH, for whom there was no obvious transmission route 
(i.e., no transfusions, i.v. drug use, promiscuity, etc. were identified as risk factors), was provided by Dr. M. Alter of the 
s Center for Disease Control, and Dr. J. Dlenstag of Harvard University. These samples were screened using an RIA 
essentially as described in Section IV.D., except that the HCV c100-3 antigen was used as the screening antigen 
attached to the microliter plates. The results showed that of the 100 serum samples, 55 contained antibodies that 
reacted Immunologically with the HCV c10Q-3 antigen. 

[0417] The results described above suggest that "Community Acquired" NANBH is also caused by HCV. Moreover, 
to since it has been demonstrated herein that HCV Is related to Flaviviruses, most of which are transmitted by arthropods, 
it is suggestive that HCV transmission in the "Community Acquired" cases also results from arthropod transmission. 

IV.L. Comparison of Incidence of HCV Antibodies and Surrogate Markers In Donors Implicated in NANBH Transmission 

is [041 8] A prospective study was carried out to determine whether recipients of blood from suspected NANBH positive 
donors, who developed NANBH, seroconverted to anti-HCV-antibody positive. The blood donors were tested for the 
surrogate marker abnormalities which are currently used as markers for NANBH infection, i.e., elevated ALT levels, 
and the presence of anti-core antibody. In addition, the donors were also tested forthe presence of anti-HCV antibodies. 
The determination of the presence of anti-HCV antibodies was determined using a radioimmunoassay as described 

20 in Section IV.K. The results of the study are presented in Table 17, which shows: the patient number (column 1); the 
presence of anti-HCV antibodies in patient serum (column 2); the number of donations received by the patient, with 
each donation being from a different donor (column 3); the presence of anti-HCV antibodies In donor serum (column 
4); and the surrogate abnormality of the donor (column 5) (NT or *- means not tested) (ALT is elevated transaminase, 
and ANTI-HBc is anti-core antibody). 

25 [0419] The results in Table 1 7 demonstrate that the HCV antibody test is more accurate in detecting infected blood 
donors than are the surrogate marker tests. Nine out of ten patients who developed NANBH symptoms tested positive 
for anti-HCV antibody seroconversion. Of the 11 suspected donors, (patient 6 received donations from two different 
individuals suspected of being NANBH carriers), 9 were positive for anti-HCV antibodies, and 1 was borderline positive, 
and therefore equivocal (donor for patient 1 ). In contrast, using the elevated ALTtest 6 of the ten donors tested negative, 

30 and using the anticore-antibody test 5 of the ten donors tested negative. Of greater consequence, though, in three 
cases (donors to patients B, 9, and 1 0) the ALT test and the ANTI-HBc test yielded inconsistent results. 
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IV.M. Amplification for Cloning of HCV cDNA Sequences Utilizing the PCR and Primers Derived trom Conserved 
45 Regions of Flavivirus Genomic Sequences 

[0420] The results presented supra., which suggest that HCV is a flavivirus or flavi-like virus, allows a strategy for 
cloning uncharacterized HCV cDNA sequences utilizing the PCR technique, and primers derived from the regions 
encoding conserved amino acid sequences In f lavMruses. Generally, one of the primers is derived from a defined HCV 

so genomic sequence, and the other primer which flanks a region of unsequenced HCV polynucleotide is derived from a 
conserved region of the flavivirus genome. The flavivirus genomes are known to contain conserved sequences within 
the NS1 , and E polypeptides, which are encoded in the 5' -region of the flavivirus genome. Corresponding sequences 
encoding these regions He upstream of the HCV cDNA sequence shown In Fig. 26. Thus, to Isolate cDNA sequences 
derived from this region of the HCV genome, upstream primers are designed which are derived from the conserved 

55 sequences within these flavivirus polypeptides. The downstream primers are derived from an upstream end of the 
known portion of the HCV cDNA. 

[0421] Because of the degeneracy of the code, it is probable that there will be mismatches between the flavivirus 
probes and the corresponding HCV genomic sequence. Therefore a strategy which Is similar to the one described by 
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Lee (1 988) is used. The Lea procedure utilizes mixed oligonucleotide primers complementary to the reverse translation 
products of an amino acid sequence; the sequences in the mixed primers takes into account every codon degeneracy 
tor the conserved amino acid sequence. 

[0422] Three sets of primer mixes are generated, based on the amino acid homologies found in several flaviviruses, 
5 including Dengue-2,4 (D-2,4), Japanese Encephalitis Vims (JEV), Yellow Fever (YF), and West Nile Virus (WN). The 
primer mixture derived from the most upstream conserved sequence (5'-1), is based upon the amino acid sequence 
gly-trp-gly, which is part of the conserved sequence asp-arg-gly-trp-gly-aspN found in the E protein of D-2, JEV, YF, 
and WN. The next primer mixture (5'-2) is based upon a downstream conserved sequence In E protein, phe-asp-gly- 
asp-ser-tyr-ileu-phe-gly-asp-ser-tyr-ileu, and is derived from phe-gly-asp; the conserved sequence is present in D-2, 
to JEV, YF, and WN. The third primer mixture (5'-3), is based on the amino acid sequence arg-ser-cys, which is part of 
the conserved sequence cys-cys-arg-ser-cys in the NS1 protein of D-4, JEV, YF, and WN. The individual primers 
which form the mixture In 5* -3 are shown in Fig. 45. In addition to the varied sequences derived from conserved region, 
each primer in each mixture also contains a constant region at the 5'-end which contains a sequence encoding sites 
for restriction enzymes, Hindlll, Mbol t and EcoRI. 
75 [0423] The downstream primer, ssc5h20A, Is derived from a nucleotide sequence in clone 5h s which contains HCV 
cDNA with sequences with overlap those in clones 14i and 11b. The sequence of ssc5h20A is 

5' GTA ATA TGG TGA CAG AGT CA 3*. 

20 An alternative primer, ssc5h34A, may also be used. This primer is derived from a sequence in clone 5h, and in addition 
contains nucleotides at the 5'-end which create a restriction enzyme site, thus facilitating cloning. The sequence of 
ssc5h34A Is 

5' GAT CTC TAG AGA AAT CAA TAT GGT GAC AGA GTC A 3\ 

25 

[0424] The PCR reaction, which was initially described by Saiki et al. (1 986), is carried out essentially as described 
in Lee et al. (1988), except that the template for the cDNA is RNA isolated from HCV Infected chimpanzee liver, as 
described in Section IV.C.2., or from viral particles isolated from HCV infected chimpanzee serum, as described in 
Section IV.A.1. In addition, the annealing conditions are less stringent In the first round of amplification (0.6M NaCl s 

30 and 25°C) : since the part of the primer which will anneal to the HCV sequence is only 9 nucleotides, and there could 
be mismatches. Moreover, if ssc5h34A is used, the additional sequences not derived from the HCV genome tend to 
destabilize the primeMemplate hybrid. After the first round of amplification, the annealing conditions can be more 
stringent (0.066M NaCl, and 32 *C-37 0 C), since the amplified sequences now contain regions which are complemen- 
tary to, or duplicates of The primers. In addition, the first 10 cycles of amplification are run with Klenow enzyme I, under 

35 appropriate PCR conditions for that enzyme. After the completion of these cycles, the samples are extracted, and run 
with Taq polymerase, according to kit directions, as furnished by Cetus/Perkin-Elmer. 

[0425] After the amplification, the amplified HCV cDNA sequences are detected by hybridization using a probe de- 
rived from clone 5h. This probe is derived from sequences upstream of those used to derive the primer, and does not 
overlap the sequences of the clone 5h derived primers. The sequence of the probe Is 

40 

5' CCC AGC GGC GTA CGC GCT GGA CAC GGA GGT GGC CGC GTC 
GTG TGG CGG TGT TGT TCT CGT CGG GTT GAT GGC GC 3'. 

45 

1V.N.1 . Creation of HCV cDNA Library from liver of a Chimpanzee with infectious NANBH 

[0426] An HCV cDNA library was created from liver from the chimpanzee from which the HCV cDNA library In Section 
so iv.A.1 . was created. The technique for creating the library was similar to that in Section IV.A.24, except for this different 
source of the RNA, and that a primer based on the sequence of HCV cDNA in clone 11b was used. The sequence of 
the primer was 

5' CTQ GCT TGA AGA ATC 3'. 
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,V.n.2. Isolation and nucleotide sequence of overlapping HCV eDNA In clone K9-1 to cDNA In clone 11b 

104271 Clone k9-1 was Isolated from the HCV cDNA library created from the liver of an NAIMBH Infected chimpanzee, 
as described in Section IV.A.25. The library was screened forclones which overlap the sequence in clone 11 b, by using 

s a clone which overlaps clone 1 1 b at the 5'-terminus, clone 1 1 e. The sequence of clone 1 1 b Is shown In Fig. 23. Positrve 
clones were isolated with a frequency of 1 in 500,000. One isolated clone, K9-1 , was subjected to further study. The 
overlaopinq nature of the HCV cDNA in clone k9-1 , to the 5'-end of the HCV-cDNA sequence in Fig. 26 was confirmed 
bv probing the clone with clone Alex 46; this latter clone contains an HCV cDNA sequence of 30 base pairs which 
corresponds to those base pairs at the 5'terminus of the HCV cDNA in clone 14i. described supra.. 

io 104281 The nucleotide sequence of the HCV cDNA isolated from clone K9-1 was determined using the techniques 
described supra. The sequence of the HCV cDNA in clone k9-1 , the overlap with the HCV cDNA in Fig. 26, and the 
amino acids encoded therein are shown in Fig. 46. 

[04291 The HCV cDNA sequence In clone K9-1 has bean aligned with those of the clones described In Section I V.A. 
1 9 to create a composite HCV cDNA sequence, with the k9-1 sequence being placed upstream of the sequence shown 
in Fig 32 The composite HCV cDNA which includes the k9-1 sequence and the amino acids encoded therein Is shown 
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[04301 The sequence of the amino acids encoded in the 5'-region of HCV cDNA shown In Fig. 47 has been compared 
wtth the corresponding region of one of the strains of Dengue virus, described supra., with respect to the profile of 
regions of hydrophobic^ and hydrophilicity. This comparison showed that the polypeptides from HCV and Dengue 
SedlnLreglon.wnlchcorrespondstothe region encoding NS1 (ora portion thereof), have a similar hydrophobic/ 

Kf 'information provided infra, allows the identification of HCV strains. The isolation and characterization of 
other HCV strains may be accomplished by isolating the nucleic acids from body components wh.ch contain viral 
pa^creating^ 

ing the libraries for clones containing HCV cDNA sequences described Infra., and companng the HCV cDNAs from 
the new isolates with the cDNAs described infra. The polypeptides encoded therein, or in the viral genome may be 
mon" oTe^ for immunoiogica, cross-reactivity utilising the potypeptldes and antibodies described substrains which 
fit within the parameters of HCV, as described in the Definitions section, supra., are read.ly .dentif.able JDther methods 
fortifying HCv strains will be obvious to those of skill In the art, based upon the Information provided herein. 

Industrial Applicability 

[04321 The invention, in the various manifestations disclosed herein, has many industrial uses, some of which are 
the fo owing. The HCV cDNAs may be used for the design of probes for the detection of HCV nucleic acids in samples. 
The probes derived from the cDNAs may be used to detect HCV nucleic acids in, for example chemical synthetic 
reasons They may also be used in screening programs for antl-viral agents, to determine the effect of the agents ,n 
inhibiting viral replication in cell culture systems, and animal model systems. The HCV polynucleotide probes are also 
useful in detecting viral nucleic acids in humane, and thus, may serve as a basis for diagnos* of HCV .nfections ,n 

[04331 S ' In addition to the above, thecDNAsprovWedhereinprovideinfonTiationandameans for synthesizing polypep- 
tides containing epitopes of HCV. These polypeptides are useful In detecting antibodies to HCV antigens. A senes of 
immunoassays for HCV infection, based on recombinant polypeptides containing HCV epitopes are described herein 
Z will find commercial use in diagnosing HCV induced NANBH, in screening blood bank donors for HCV-caused 
mfectlous hepatitis, and also for detecting contaminated blood from Infectious blood donors. The viral antigens will also 
have utility in monitoring the efficacy of anti-viral agents in animal model systems. In addition, the polypept.des denved 
from the HCV cDNAs disclosed herein will have utility as vaccines for treatment of HCV Infections. 
[04341 The polypeptides derived from the HCV cDNAs, besides the above stated uses, are also useful for ra.sing 
antl-HCV antibodies. Thus, they may be used In and-HCV vaccines. However, the antibodies produced as a result of 
immunization with the HCV polypeptides are also useful In detecting the presence of viral antigens In «^>J^ 
they may be used to assay the production of HCV polypeptides in chem.cal systems. The anti-HCV antibodies may 
also be used to monitor the efficacy of ant.-v.ral agents In screen.ng programs where these agents are i tested In M. 
culture svstems They may also be used for passive immunotherapy, and to diagnose HCV caused NANBH by allowing 
2 SS of v,r7an,lgen(s) In both blood donors and recipients. Another important use tor and-HCV anUbod.es Js 
in affinity chromatography for the purification of virus and viral polypeptides. The purified v.rus and v.ral polypeptide 
preparaLs may beJsec lin vaccines. However, the purified virus may also be useful forthe development of cell culture 
svstems in which HCV replicates. ^ , .• , 

104351 Cell culture systems containing HCV infected cells will have many uses. They can be used for the relatively 
large scale production of HCV, which Is normally a low titer virus. These systems will also be useful for an elucidation 
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of the molecular biology of the virus, and lead to the development of anti-viral agents. The cell culture systems will also 
be useful in screening for the efficacy of antiviral agents. In addition, HCV permissive cell culture systems are useful 
for the production of attonuated strains of HCV. 

[0436] For convenience, the anti-HCV antibodies and HCV polypeptides, whether natural or recombinant, may be 
5 packaged Into kits. 

[0437] The method used for isolating HCV cDNA, which is comprised of preapring a cDNA library derived from 
infected tissue of an individual, in an expression vector, and selecting clones which produce the expression products 
which react immunologically with antibodies in antibody-containing body components from other infected individuals 
and not from non-infected individuals, may also be applicable to the isolation of cDNAs derived from other heretofore 
10 uncharacterized disease-associated agents which are comprised of a genomic component. This, In turn, could lead to 
isolation and characterization of these agents, and to diagnostic reagents and vaccines for these other disease-asso- 
ciated agents. 

15 Claims 

Claims for the following Contracting States : AT, BE, CH, DE, FR, IT, LI, LU, NL, SE 

20 1 . A polymerase chain reaction (PCR) kit comprising a pair of primers capable of priming the synthesis of cDNA In 
a PCR reaction, wherein each of said primers is a polynucleotide comprising a contiguous sequence of nucleotides 
which is capable of selectively hybridizing to the genome of hepatitis C virus (HCV) or the complement thereof, 
wherein HCV is characterized by: 

25 a positive stranded RNA genome; 

said genome comprising an open reading frame (ORF) encoding a polyproteln; and 

the entirety of the said encoded polyproteln having at least 40% homology to the entire polyproteln of a viral 
30 isolate from the genome of which was prepared cDNAs deposited in a lambda gt-11 cDNA library with the 

American Type Culture Collection (ATCC) under accession no. 40394. 

2. A PCR kit according to claim 1 wherein each of said primers is a polynucleotide wherein said contiguous nucleotide 
seaverce Is at least 20 nucleotides. 

35 

3. A PCR kit according to claim 1 or 2 further comprising a polynucleotide probe capable of selectively hybridising 
to a region of the HCV genome between and not including the HCV sequences from which the primers are derived. 

4. A method of performing a polymerase chain reaction wherein the primers are a pair of polynucleotides as defined 
40 in claim 1 or 2. 

5. A method for assaying a sample for the presence or absence of HCV polynucleotides comprising: 

(a) contacting the sample with a probe under conditions that allow the selective hybridisation of said probe to 
45 an HCV polynucleotide or the complement thereof in the sample, wherein said probe comprises a polynucle- 
otide comprising a contiguous sequence of nucleotides which is capable of selectively hybridising to the ge- 
nome of HCV or the complement thereof, wherein HCV is characterised by: 

(I) a positive stranded RNA genome, said genome comprising an open reading frame (ORF) encoding a 
so polyp rotein; and 

(II) the entirety of the said encoded polyproteln having at least 40% homology to the entire polyproteln of 
a viral isolate from the genome of which was prepared cDNAs deposited in a lambda gt-11 cDNA library 
with the American Type Culture Collection (ATCC) under accession no. 40394; 

55 and 

(b) determining whether polynucleotide duplexes comprising said probe are formed, 

and further wherein said polynucleotide is a DNA polynucleotide and optionally comprises a detectable label. 
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Claims for the following Contracting State : ES 

1. A method of performing a polymerase chain reaction wherein the primers are a pair of polynucleotides, which 
polynucleotides are each a contiguous sequence of nucleotides which is capable of selectively hybridizing to the 

s genome of hepatitis C virus (HCV) or the complement thereof, wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) the entirety of the said pofyprotein having at least 40% homology to the entire polyprotein of a viral isolate 
10 from the genome of which was prepared cDNAs deposited in a lambda gt-1 1 cDNA library with the American 

Type Culture Collection (ATCC) under accession no. 40394. 

2. A method according to claim 1 wherein the entirety of said polyprotein has at least 60% homology to the entire 
polyprotein. 

15 

3. A method according to claim 1 or 2 wherein said contiguous sequence is at least 1 0 nucleotides. 

4. A method according to claim 3 wherein said contiguous sequence is at least 15 nucleotides. 
20 5. A method according to claim 4 wherein said contiguous sequence is at least 20 nucleotides. 

6. A method according to any one of claims 1 to 5 wherein each polynucleotide Is a DNA polynucleotide. 

7. A method according to any one of claims 1 to 6 further comprising the use of a polynucleotide probe capable of 
25 selectively hybridising to a region of the HCV genome between and not including the HCV sequences from which 

the primers are derived. 

8. A method for assaying a sample for the presence or absence of HCV polynucleotides comprising: 

30 (a) contacting the sample with a probe under conditions that allow the selective hybridisation of said polynu- 

cleotide to an HCV polynucleotide or the complement thereof in the sample wherein said probe comprises a 
polynucleotide comprising a contiguous sequence of nucleotides which is capable of selectively hybridising 
to the genome of HCV or the complement thereof, wherein HCV is characterised by: 

35 (j) a positive stranded RNA genome, said genome comprising an open reading frame (ORF) encoding a 

polyprotein; and 

(II) the entirety of the said encoded polyprotein having at least 40% homology to the entire polyprotein of 
a viral isolate from the genome of which was prepared cDNAs deposited in a lambda gt-1 1 cDNA library 
with the American Type Culture Collection (ATCC) under accession no. 40394 



40 



45 



and 

(b) determining whether polynucleotide duplexes comprising said polynucleotide are formed, 
and further wherein the probe further comprises a detectable label. 
9. A method according claim 8 wherein the probe Is fixed to a solid phase. 



Claims for the following Contracting State : GR 

50 

1. A method of performing a polymerase chain reaction wherein the primers are a pair of polynucleotides, which 
polynucleotides are each a contiguous sequence of nucleotides which is capable of selectively hybridizing to the 
genome of hepatitis C virus (HCV) or the complement thereof, wherein HCV is characterized by; 

55 (j) a positive stranded RNA genome; 

(li) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

(iii) the entirety of the said polyprotein having at least 40% homology to the entire polyprotein of a viral isolate 

from the genome of which was prepared cDNAs deposited in a lambda gt-1 1 cDNA library with the American 
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Type Culture Collection (ATCC) under accession no.40394. 

2. A method according to claim 1 wherein the entirety of said polyprotein has at least 60% homology to the entire 
poly protein. 

5 

3. A method according to claim 1 or 2 wherein said contiguous sequence is at least 10 nucleotides. 

4. A method according to claim 3 wherein said contiguous sequence is at least 15 nucleotides. 
10 5. A mechod according to claim 4 wherein said contiguous sequence is at least 20 nucleotides. 

6. A method according to any one of claims 1 to 5 wherein each polynucleotide is a DNA polynucleotide. 

7. A method according to any one of claims 1 to 6 further comprising the use of a polynucleotide probe capable of 
is selectively hybridising to a region of the HCV genome between and not Including the HCV sequences from which 

the primers are derived. 

8. A method for assaying a sample for the presence or absence of HCV polynucleotides comprising: 

2Q (a) contacting the sample with a probe under conditions that allow the selective hybridisation of said polynu- 

cleotide to an HCV polynucleotide or the complement thereof in the sample wherein said probe comprises a 
polynucleotide comprising a contiguous sequence of nucleotides which is capable of selectively hybridising 
to the genome of HCV or the complement thereof, wherein HCV ischaracterised by: 

25 (j) a positive stranded RNA genome, said genome comprising an open reading frame (ORF) encoding a 

polyprotein; and 

(ii) the entirety of the said encoded polyprotein having at least 40% homology to the entire polyprotein of 
a viral isolate from the genome of which was prepared cDNAs deposited in a lambda gt-11 cDNA library 
with the American Type Culture Collection (ATCC) under accession no. 40394 

30 

and 

(b) determining whether polynucleotide duplexes comprising said polynucleotide are formed 
and further wherein the probe further comprises a detectable label. 

35 

9. A method according claim 8 wherein the probe Is fixed to a solid phase. 

10. A polymerase claim reaction (PCR) kit comprising a pair of primers capable of priming the synthesis of cDNA in 
a PCR reaction, wherein each of said primers Is a polynucleotide comprising a contiguous sequence of nucleotides 

40 which is capable of selectively hybridizing to the genome of hepatitis C virus (HCV) or the complement thereof, 

wherein HCV is characterized by: 

(i) a positive stranded RNA genome; 

(ii) said genome comprising an open reading frame (ORF) encoding a polyprotein; and 

45 (jji) the entirety of the said polyprotein having at least 40% homology to the entire polyprotein of a viral isolate 

from the genome of which was prepared cDNAs deposited In a lambda gt-1 1 cDNA library with the American 
Type Culture Collection (ATCC) under accession no. 40394. 

11. A PCR kit according to claim 10 wherein each of the primers Is a DNA polynucleotide. 

50 

12. A PCR kit according to claim 10 or 11 further comprising a polynucleotide probe capable of selectively hybridising 
to a region of the HCV genome between and not including the HCV sequences from which the primers are derived. 
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Patents nsp ruche 

Patentanspriichefur folgende Vertragsstaaten : AT, BE, CH, DE, FR, IT, LI, LU, NL, SE 

s 

1 . Polymerasekettenreaktions (PCR)-Kit, umfassend ein Paar von Primern, die zum Primen der Synthese von cDNA 
in einer PCR-Reaktion fahig sind, wobei jeder der Primer ein Polynucleotid ist, das eine benachbarte Sequenz 
von Nucleotlden umfasst, die zur selektiven Hybridisierung mitdem Genom von Hepatitis C-Virus (HCV) oder dam 
Komplement davon fahig ist, wobei HCV charakterisiert ist: 

to durch ein Plusttrang-RNA-Genom; 

wobei das Genom ein offenes Leseraster (ORF) umfasst, welches ein Polyprotein codiert; und 
dadurch dafB die Gesamtheit des codierten Polyproteins elne mlndestens 40%-ige Homologle zu dem gesam- 
ten Polyprotein eines viralen Isolats hat, von dessen Genom cDNAs hergestellt wurden, hinterlegt in einer 
15 Lambda-gt-11-cDNA-Blbllothek bei der American Type Culture Collection (ATCC) unter der Hinterlegungs- 

nummer 40394. 

2. PCR-Kit nach Anspruch 1 , wobei jeder der Primer ein Polynucleotid ist, wobei die benachbarte Nucleotidsequenz 
mindestens 20 Nucleotide umfasst. 

20 

3. PCR-Kit nach Anspruch 1 oder2, weiterhin eine Polynucleotidsonde umfassend, die zur selektiven Hybridisierung 
mit einem Berelch des HCV-Genoms fahig Ist, das zwlschen den HCV-Sequenzen liegt, von denen die Primer 
stammen, und diese nicht umfasst. 

25 4. Verfahren zur Durchfuhrung einer Polymerasekettenreaktion, wobei die Primer wie in Anspruch 1 oder 2 definiert 
sind. 

5. Verfahren zumTesten einer Probe auf die Gegenwart oder Abwesenheit von HCV-Polynucleotiden, umfassend: 

30 (a) Inkontaktbringen der Probe mit einer Sonde unter Bedingungen, die die selektive Hybridisierung der Sonde 

mit einem HCV- Polynucleotid oder dem Komplement davon in der Probe ermoglichen, wobei die Sonde ein 
Polynucleotid umfasst, das eine benachbarte Sequenz von Nucleotiden umfasst, die fahig 1st zur selektiven 
Hybridisierung mit dem Genom von HCV oder dem Komplement davon, wobei HCV charakterisiert ist: 

35 (j) durch ein Plusstrang-RNA-Genom, wobei das Genom ein offenes Leseraster (ORF) umfasst, welches 

ein Polyprotein codiert; und 

(II) dadurch, daB die Gesamtheit des codierten Polyproteins elne mlndestens 40%-ige Homologle zu dem 
gesamten Polyprotein eines viralen Isolats hat, von dessen Genom cDNAs hergestellt wurden, hinterlegt 
in einer Lambda-gt-11-cDNA-Bibliothek bel der American Type Culture Collection (ATCC) unter der Hin- 
40 terlegungsnummer 40394; 

und 

(b) Bestlmmung, ob Polynucleotldduplexe gebiidet wurden, die die Sonde umfassen, 

45 

und wobei weiterhin das Polynucleotid ein DNA-Polynucleotid Ist und gegebenenfalls einen nachweisbaren Marker 
umfasst. 



so Patentanspruehe fur folgenden Vertragsstaat : ES 

1 . Verfahren zur Durchfuhrung einer Polymerasekettenreaktion, wobei die Primer ein Paar von Polynucleotiden sind, 
wobei die Polynucleotide Jewells elne benachbarte Sequenz von Nudeotlden umfassen, die zur selektiven Hybri- 
disierung mit dem Genom von Hepatitis C-Virus (HCV) oder dem Komplement davon fahig ist, wobei HCV cha- 
55 rakterisiert ist: 

(i) durch ein Plusstrang-RNA-Genom; 

(li) wobei das Genom ein offenes Leseraster (ORF) umfasst, welches ein Polyprotein codiert; und 
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(111) dadurch. daB die Gesamthelt des Polyproteins elne mindestens 40%-ige Homologle zu dem gesamten 
Polyprotein eines viralen Isolats hat, von dessen Genom cDNAs hergestellt wurden, hinterlegt in einer Lamb- 
da-gt-11-cDNA-Bibllothek bei der American Type Culture Collection (ATCC) unter der Hinterlegungsnummer 
40394. 

5 

2. Verfahren nach Anspnjch 1 , wobei die Gesamtheit des Polyproteins mindestens 60 % Homologie mit dem gesam- 
ten Polyprotein aufweist. 

3. Verfahren nach Anspruch 1 oder 2, wobei die benachbarte Sequenz mindestens 10 Nucleotide umfasst. 

10 

4. Verfahren nach Anspruch 3, wobei die benachbarte Sequenz mindestens 15 Nucleotide umfasst. 

5. Verfahren nach Anspruch 4, wobei die benachbarte Sequenz mindestens 20 Nucleotide umfasst. 
15 6. Verfahren nach einem der Anspruche 1 bis 5, wobei jedas Polynucleotid ein DNA-Polynucleotid 1st. 

7. Verfahren nach einem der Anspruche 1 bis 6, weiterhin umfassend die Verwendung einer Polynucleotidsonde, die 
zur selektiven Hybridisierung mit einem Bereich des HCV-Genoms fahig ist, das zwischen den HCV-Sequenzen 
liegt, von denen die Primer stamm en, und diese nicht umfasst. 

20 

8. Verfahren zum Testen einer Probe auf die Gegenwart oder Abwesenheit von HCV- Polynucleotide^ umfassend; 

(a) Inkontaktbringen der Probe mit einer Sonde unter Bedingungen, die die selektive Hybridisierung des Po- 
lynucleotids mit einem HCV-Polynucleotld oder dem Komplement davon in der Probe ermogllchen, wobei die 
25 Sonde ein Polynucleotid umfasst, das eine benachbarte Sequenz von Nudeotlden umfasst, die zur selektiven 

Hybridisierung mit dem Genom von HCV oder dem Komplement davon fahig ist, wobei HCVcharakterisiert ist: 

(i) durch ein Plusstrang-RNA-Genom, wobei das Genom ein offenes Leseraster (ORF) umfasst, welches 
ein Polyprotein codiert; und 

30 (H) dadurch, daB die Gesamtheit des codierten Polyproteins eine mindestens 40%-ige Homologie zu dem 

gesamten Polyprotein eines viralen Isolats hat, von dessen Genom cDNAs hergestellt wurden, hinterlegt 
In einer lambda-gt-11-CDNA-Bibliothek bel der American Type Culture Collection (ATCC) unter der Hin- 
terlegungsnummer 40394; und 

35 (b) Bestimmung, ob Polynucleotidduplexe gebildet wurden, die diese Polynucleotide umfassen, 

und wobei die Sonde femer elnen nachwelsbaren Marker umfasst. 

9. Verfahren nach Anspruch 8, wobei die Sonde an elne teste Phase flxiert Ist. 

40 

Patentanspruche fur folgenden Vertragsstaat : GR 

1 . Verfahren zur DurchfOhrung einer Polymerasekettenreaktion, wobei die Primer ein Paar von Polynucleotiden slnd, 
45 wobei die Polynucleotide jeweils eine benachbarte Sequenz von Nucleotiden umfassen, die zur selektiven Hybri- 
disierung mit dem Genom von Hepatitis C-Vtrus (HCV) oder dem Komplement davon fShig 1st, wobei HCV cha- 
rakterisiert ist: 

(I) durch ein Plusstrang-RNA-Genom; 
50 (|i) wobei das Genom ein offenes Leseraster (ORF) umfasst, welches ein Polyprotein codiert; und 

(III) dadurch, daB die Gesamtheit des codierten Polyproteins eine mindestens 40%-ige Homologle zu dem 
gesamten Polyprotein eines viralen Isolats hat, von dessen Genom cDNAs hergestellt wurden, hinterlegt in 
einer Lambda -gt-11-cDN A- Bibliothek bel der American Type Culture Collection (ATCC) unter der Hinterle- 
gungsnummer 40394. 

55 

2. Verfahren nach Anspruch 1 , wobei die Gesamtheit des Polyproteins 60% Homologie mit dem gesamten Polyprotein 
aufweist. 
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3. Verfahren nach Anspruch 1 Oder 2, wobei die benachbarte Sequenz mindestens 10 Nucleotide umfasst. 

4. Verfahren nach Anspruch 3, wobei die benachbarte Sequenz mindestens 1 5 Nucleotide umfasst. 
5 5. Verfahren nach Anspruch 4, wobei die benachbarte Sequenz mindestens 20 Nucleotide umfasst. 

6. Verfahren nach einem der Anspruche 1 bis 5, wobei jedes Polynucleotid ein DNA-Polynucleotid ist. 

7. Verfahren nach einem der Anspruche 1 bis 6, weiterhin umfassend die Verwendung einer Polynucleotidsonde, die 
10 zur selektiven Hybridlsierung mit einem Bereich des HCV-Genoms fahig ist, der zwlschen den HCV-Sequenzen 

liegt, von denen die Primer stammen, und diese nicht umfasst. 

8. Verfahren zum Testen elner Probe auf die Gegenwart Oder Abwesenhelt von HCV-Polynucleotlden, umfassend: 

is (a) Inkontaktbrlngen der Probe mlt elner Sonde unter Bedingungen, die die selektlve Hybridlsierung des Po- 

lynucleotids mit einem HCV-Polynucleotid oder dem Komplement davon in der Probe ermbglichen, wobei die 
Sonde eln Polynucleotid umfasst, das elne benachbarte Sequenz von Nucleotiden umfasst, die zur selektiven 
Hybridlsierung mit dem Genom von HCV oder dem Komplement davon fahig ist, wobei HCV charakterisiert ist: 

20 (i) durch ein Plusstrang-RNA-Genom, wobei das Genom eln offenes Leseraster (ORF) umfasst, welches 

ein Polyprotein codiert; und 

(il) dadurch, dal3 die Gesamthelt des codierten Polyproteins eine mindestens 40%-ige Homologie zu dem 
gesamten Polyprotein ernes viralen Isolats hat, von dessen Genom cDNAs hergestellt wurden, hinterlegt 
in einer Lambda-gt-11-cDNA-Blbllothek bel der American Type Culture Collection (ATCC) unter der Hin- 
25 terfegungsnummer 40394; und 

(b) Bestimmung, ob Polynucleotidduplexe gebildet wurden, die die Polynucleotide umfassen, 

und wobei femer die Sonde einen nachweisbaren Marker umfasst. 

30 

9. Verfahren nach Anspruch 8, wobei die Sonde an eine feste Phase fixiert ist. 

10. Polymerasekettenreaktions(PCR)-Kit, umfassend ein PaarvonPrimern.diezumPrimenderSynthesevoncDNA 
In einer PCR-Reaktlon ffihig slnd, wobei Jeder der Primer ein Polynucleotid ist, das eine benachbarte Sequenz 

35 von Nucleotiden umfasst, die zur selektiven Hybridisierung mit dem Genom von Hepatitis C-Virus (HCV) oder dem 

Komplement davon tahig 1st, wobei HCV charakterisiert 1st: 

(i) durch ein PJusetrang-RNA-Genom; 

(II) wobei das Genom ein offenes Leseraster (ORF) umfasst, welches eln Polyprotein codiert; und 
40 dadurch, daB die Gesamtheit des codierten Polyproteins eine mindestens 40%-ige Homologie zu dem 

gesamten Polyprotein elnes viralen Isolats hat, von dessen Genom cDNAs hergestellt wurden, hinterlegt In 
einer Lambda-gM1-cDNA-Bibiiothek bei der American Type Culture Collection (ATCC) unter der Hinterle- 
gungsnummer 40394. 

45 11. PCR-Kit nach Anspruch 1 0, wobei jeder Primer ein DNA-Polynucieotid ist. 

12. PCR-Kit nach Anspruch 10 oder 11 , weiterhin eine Polynucleotidsonde umfassend, die zur selektiven Hybridisie- 
rung mlt einem Bereich des HCV-Genoms fahig ist, der zwlschen den HCV-Sequenzen liegt, von denen die Primer 
stammen, und diese nicht umfasst. 

50 

Revend (cations 



55 Revendlcations pour les Etats contractants sulvants : AT, BE, CH, DE, FR, IT, LI, LU, NL, SE 

1 . Necessaire pour reaction d'amplification en chaTne par polymerase (PCR), comprenant une paire d'amorces ca- 
pables d'amorcer la synthese d'un ADNc dans une reaction PCR, dans lequel chacune desdites amorces est un 



69 



EP00Q31S216 fhttp;//ww.geUhepatentxo^ Page 70 of 11 



EP 0 318 216 B2 

polynucleotide comprenant une sequence contigue de nucleotides qui est capable de s'hybrider selectivement 
avec le genome du virus de Phepatite C (HCV) ou son complement, ie HCV etant caracterise par 

un genome a ARN a brin positif ; 
5 - le fait que ledit genome comprend un cadre de lecture ouvert (ORF) codant pour une polyproteine; et 

le f ait que I'integralite de ladite polyproteine a une homologie d'au moins 40 % avec I'entiere polyproteine d'un 
isolat viral a partir du genome duquel ont ete prepares les ADNc deposes dans une banque d'ADNc dans 
lambda gt-11 a )' American Type Culture Collection (ATCC) sous le n° de dep6t 40394. 

10 2. Necessaire pour PCR selon (a revendication 1 , dans lequel chacune desdites amorces est un polynucleotide dans 
lequel ladite sequence contigue de nucleotides comporte au moins 20 nucleotides. 

3. Necessaire pour PCR selon la revendlcatlon 1 ou 2, comprenant en outre une sonde polynucleotldique capable 
de s'hybrider selectivement avec une region du genome du HCV situee entre et n'incluant pas les sequences de 

15 HCV desquelles sont issues les amorces. 

4. Procede d'exceution d'une reaction d'amplification on chaTne par polymerase, dans lequel les amorces consistent 
en une paire de polynucleotides tels que definis dans la revendication 1 ou 2. 

20 5. Procede pour I'essal d'un echantlllon pour la determination de la presence ou de i'absence de polynucleotides de 
HCV, comprenant: 

(a) la mise en contact de I'echantillon avec une sonde dans des conditions penmettant I'hybridation selective 
de ladite sonde avec un polynucleotide de HCV ou son complement dans Techantillon, ladite sonde compre- 

25 nant un polynucleotide comprenant une sequence contigue de nucleotides qui est capable de s'hybrider se- 

lectivement avec le genome de HSV ou son complement, le HCV etant caracterise par : 

(I) un genome a ARN a brin positif, ledit genome comprenant un cadre de lecture ouvert (ORF) codant 
pour une polyproteine ; et 

30 (||) |e fait que I'integralite de ladite polyproteine codee a une homologie d'au moins 40 % avec I'entiere 

polyproteine d'un isolat viral a partir du genome duquel ont Ste prepares les ADNc deposes dans une 
banque d'ADNc dans lambda gt-11 a PAmerican Type Culture Collection (ATCC) sous le n° de depot 
40394; 

35 et 

(b) I'etape consistant a determiner si des duplex polynucleotidiques comprenant ladite sonde se sont formes ; 
et en outre dans lequel ledit polynucleotide est un polynucleotide d'ADN et comprend eventuellement un mar- 
queur detectable. 

40 

Revendications pour I'Etat contracts nt suivant : ES 

1 . Procede d'execution d'une reaction d'amplification en chaine par polymerase, dans lequel les amorces sont une 
palre de polynucleotides, lesquels polynucleotides sont chacun une sequence contigue de nucleotides qui est 

45 capable de s'hybrider selectivement avec le genome du virus de I'hepatite C (HCV) ou eon complement, le HCV 

etant caracterise par 

(I) un genome a ARN a brin positif ; 

(II) le fait que ledit genome comprend un cadre de lecture ouvert (ORF) codant pour une polyproteine; et 

50 (in) |e fait que ['integralite* de ladite polyproteine a une homologie d'au moins 40 % avec I'entiere polyproteine 

d'un Isolat viral a partir du genome duquel ont ete prepares les ADNc deposes dans une banque d'ADNc dans 
lambda gt-11 a I' American Type Culture Collection (ATCC) sous le n° de depot 40394. 

2. Procede selon la revendication 1 , dans lequel I'integralite de ladite polyproteine a une homologie d'au moins 60 
55 % avec I'entiere polyproteine. 

3. Procede selon la revendication 1 ou 2, dans lequel ladite sequence contigue comporte au moins 10 nucleotides. 
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4. Procede selon la raven dlcatlon 3, dans lequel ladite sequence contigue comporte au molns 15 nucleotides. 

5. Precede selon la revendication 4, dans lequel ladite sequence contigue comporte au moins 20 nucleotides. 

5 6. Procede selon rune quelconque des revendicatlons 1 a 5, dans lequel chaque polynucleotide est un polynucleotide 
d'ADN. 

7. Procede selon I'une quelconque des revendicatlons 1 a 6, qui comprend en outre ['utilisation d'une sonde polynu- 
cleotidique capable de s'hybrider selectivement avec une region du genome du HCV situee entre et n'incluant pas 

10 les sequences de HCV desquelles sont issues les amorces. 

8. Procede pour I'essal d'un echantlllon pour la determination de la presence ou de I'absence de polynucleotides de 
HCV, comprenant: 

15 (a) la mise en contact de I'echantillon avec une sonde dans des conditions permettant ('hybridation selective 

dudit polynucleotide avec un polynucleotide de HCV ou son complement dans I'ech antil lon t ladite sonde com- 
prenant un polynucleotide comprenant une sequence contigue de nucleotides qui est capable de s'hybrider 
selectivement avec le genome de HSV ou son complement, le HCV etant caracterise par : 

20 (I) un genome a ARN a brin positif, ledit genome comprenant un cadre de lecture ouvert (ORF) codant 

pour une polyproteine ; et 

(II) le fait que I'lntegrallte de ladite polyproteine codee a une homologle d'au moins 40 % avec I'entlere 
polyproteine d'un isolat viral a partir du genome duquel ont ete prepares les ADNc deposes dans une 
banque d'ADNc dans lambda gt-11 a ('American Type Culture Collection (ATCC) sous le n° de depot 
25 40394 ; 

et 

(b) I'etape consistant a determiner si des duplex polynucleotidiques comprenant ledit polynucleotide se sont 
formes ; 

30 

et en outre dans lequel la sonde comprend en outre un marqueur detectable. 

9. Procede selon la revendication 8, dans lequel la sonde est fixee sur une phase solide. 



35 

Revendicatlons pour I'Etat contractant sutvant : GR 

1 . Precede d'execution d'une reaction ^amplification en chaine par polymerase, dans lequel les amorces sont une 
paire de polynucleotides, lesquels polynucleotides sont chacun une sequence contigue de nucleotides qui est 

40 capable de s'hybrider selectivement avec le genome du virus de Phepatite C (HCV) ou son complement, le HCV 

etant caracterise par 

(I) un genome a ARN a brin positif ; 

(II) le fait que ledit genome comprend un cadre de lecture ouvert (ORF) codant pour une polyproteine; et 

45 (III) le fait que I'integralite de ladite polyproteine a une homologie d'au moins 40 % avec I'entiere polyproteine 

d'un Isolat viral a partir du genome duquel ont ete prepares les ADNc deposes dans une banque d'ADNc dans 
lambda gt-11 a !' American Type Culture Collection (ATCC) sous le n° de dep6t 40394. 

2. Procede selon la revendication 1 , dans lequel I'lntegrallte de ladite polyproteine a une homologle d'au molns 60 
so % avec I'entiere polyproteine. 

3. Procede selon la revendication 1 ou 2, dans lequel ladite sequence contigue comporte au moins 10 nucleotides. 

4. Procede selon la revendication 3, dans lequel ladite sequence contigue comporte au moins 1 5 nucleotides. 

55 

5. Procede selon la revendication 4, dans lequel ladite sequence contigue comporte au moins 20 nucleotides. 

6. Procede selon I'une quelconque des revendicatlons 1 a 5, dans lequel chaque polynucleotide est un polynucleotide 
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d'ADN. 

7. Precede selon I'une quelconque des revendlcations 16 6, qui comprend en outre I'utllisatlon d'une sonde polynu- 
cleotidique capable de s'hybrider selectivement avec une region du genome du HCV situee entre et n'incluant pas 

s les sequences de HCV desquelles sont issues les amorces. 

8. Proceed pour I'essai d'un echantillon pour la determination de la presence ou de Pabsence de polynucleotides de 
HCV, comprenant: 

w (a) la mlse en contact de I'echantlllon avec une sonde dans des conditions pQrmQttant I'hybrldatlon selective 

dudit polynucleotide avec un polynucleotide de HCV ou son complement dans Pechantillon, ladite sonde com- 
prenant un polynucleotide comprenant une sequence contigue* de nucleotides qui est capable de s'hybrider 
avec le genome de HSV ou son complement, le HCV etant caracterise par : 

is (|) un genome a ARN a brin positif, ledit genome comprenant un cadre de lecture ouvert (ORF) codant 

pour une polyproteine ; et 

(II) le fait que I'integralite de ladite polyproteine codee a une homologie d'au molns 40 % avec Pentiere 
polyproteine d'un isolat viral a partir du genome duquel ont 6te prepares les ADNc deposes dans une 
banque d'ADNc dans lambda gt-11 a I'American Type Culture Collection (ATCC) sous le n° de depot 
20 40394 ; 

et 

(b) retape consistant a determiner si des duplex polynucleotidiques comprenant ledit polynucleotide se sont 
formes ; et en outre dans lequel la sonde comprend en outre un marqueur detectable. 

25 

9. Procede selon la revendication 8, dans lequel la sonde est fixee sur une phase solide. 

10. Necessaire pour reaction d' amplification en chaTne par polymerase (PCR), comprenant une paire d'amorces ca- 
pable d'amorcer la synthese d'un ADNc dans une reaction PCR, dans lequel chacune desdites amorces est un 

so polynucleotide comprenant une sequence contigue de nucleotides qui est capable de s'hybrider selectivement 

avec le genome du virus de I'hepatite C (HCV) ou son complement, le HCV etant caracterise par 

(I) un genome a ARN a brin positif ; 

(II) le fait que ledit genome comprend un cadre de lecture ouvert (ORF) codant pour une polyproteine; et 

35 (Hi) le fait que I'integralrte de ladite polyproteine a une homologie d'au moins 40 % avec Pentiere polyproteine 

d'un isoiat viral a partir du genome duquel ont ete prepares les ADNc deposes dans une banque d'ADNc dans 
lambda gt-11 a rAmerican Type Culture Collection (ATCC) sous le n* de depot 40394. 

11. Necessaire pour PCR selon la revendication 10, dans lequel chacune des amorces est un polynucleotide d'ADN. 

40 

12. Necessaire pour PCR selon la revendication 10ou 11 , comprenant en outre une sonde polynucieotldique capable 
de s'hybrider selectivement avec une region du genome de HCV situee entre et n'incluant pas les sequences de 
HCV desquelles sont issues les amorces. 

45 



50 
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FIG. I Translation of DMA 5-1-1 

AlaSerCysI^uAsnCysSerAlaSerllellePro^^ 

1 GGCCTCCTGCTTGAACTGCTCGGCGAGCAT^^ 

CCGGAGGACGAACTTGACGAGCCGCTCGTAGTATG<^CTGTCCCTTCAGGAGATGGCTCT 

PheAspGluMetGluGluCysSerGlaHisI^^ 
61 GTTCGA^GATGGAAGAGTGCTCTCAGCACTTACCGTACATC 

CAAGCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGA 

AlaGluGlnPheLysGlnLysAlaLeuGlyLeu 
121 CGCCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCC 
GCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGG 



.FIG. 3 Translation of DNA 5-1-1, 8U9U1-2 

GlyCysValVallleValGlyArgValValLeuSerGlyLysProAlallellePraAsp 
1 C TGGC TGCG TGGTCATAGTGGG CAGG GTCG TCTTGT CCGGG AAG CC GGCAATCATACCTG 
GACCGACGCACCAGTATCACCCGTCCCIAGCAGAACAGGCCCTTCGGCCGTTAGTATGGAC 

T 

ArgGluVall^uTyrArgGluPheAspGluMetGluGluCysSexGlnHisLeuProTyr 
6 1 ACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCACTTACCG 
TGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTCTC^ 
A 

IleGluGlnGlyMetMetl^uAlaGluGlnPheLysGlnLysAlal^uGlyLeuLeuGln 
121 ACATCGAGCAAGGGATGATGCTCGCCGMCAGTTCAAGCAGAAGGCCCTCGGCCTCCTGC 
TGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACG 

ThrAl aSer ArgGlnAlaGl uVal II eAlaPr QAlaValGlnThr AsnTrpGlnLy sLeu 
181 AG AC CG CGTC CCGTCAGGCAG AGGTT ATCG CCCCTG C TG TCCAG ACCAACTGG C AAAAAC 
TCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGACAGGTCTGGTTGA 

GluThrPheTrpMaLysHisMetTrpAsnPhelleSerGlylleGlnTyrLeuAlaGly 
24 1 TCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATCAGTGGGATACAAT 

AGCTCTGGAAGACCOGCTTCGTATACACCTTGAAGTAGTCACCCTATGTTATGAACCGCC 

I^uSerThrLeuProGlyAsnProAlalleAlaSerl^uMetMaPheThr 
301 G CTTG TCAACGC TGCC TGGTAACCC CGCCATTGCTTCATTG ATGG C TTTTACAG C TGCTG 
CGAACAGTTG CGACG GACCATTGGGGCGG T AACGAAGTAACTACCG AAAATG TCG ACG AC 

ThrSerProLeuThrThrSerGln 
361 TCACCAGCCCACT AACCACTAG CCAAA 
AGTGGTCGGGTGATTGGTGATCGGTTT 
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FIG. 4 Translation of DMA 81 

SerGlyLysProAlalleHeProAspArgGluVall^ 
1 GTCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCT 

CAGGCCCTTCGGCCGOTAGTATGGACTGTCCCTTCAGGAGATGGCTC 

GluGluCysSerGlnHisI^ProTyrlleGluGliiGlyMetMfetl^uAlaGluGlnPhe 
61 GGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTT 
CCTTCTCACGAGAGTCGTGAATGGCATCTAGCTCGTTCCCTACTACC^ 

LysGlnLysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAiaGluYalrleAlaPro 
121 CAAGCAGAAGGCCCTCGGCCTCCTCCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCC 
GTTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGG 

AlaValGlnThrAsnl^pGlilLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhe 
181 TGCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCT^ 
ACGACAGGTCTGGTTGACCXSTTTTTGAGCTCTGGA^ 

IleSerGlyileGlnTyrLeuAlaGlyLeuScrThrLeuproGlyAsnPxoAlalleAla 
24 1 CATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTC 

GTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACG 

SerLeuMetAlaPheThrAlaAlaValThrSerProLeuThrThrSerGln 
301 TTQ\TTGATGGCT1OTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAA 
AAGTAACTACCGAAAATGTCG A CGACAG TGG TCGGG TGATTGGTGATCGGTTT 



FIG. 5 Translation of DMA 36 

AspAlaKisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTyrLeuValAla 
1 GATGCCCACTTTCTATCCCAGAOUVAGCAG^ 

CTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTC 

TyiSSlnAlaThrValCysAlaArgAlaGlnAlaProProProSerTxrpAspGlnKetTrp 
6 1 TACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGG 
ATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACC 

LysCysl^alleArgLeuLysProThrr^uKisGlyProThrproLeuLeuTyrArgJLeu 
121 AAGTGTTTGATTOGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTC 
TTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCOGGTTGTGGGGACGATATGTCTGAC 

GlyAlaValGlnAsnGlulleThrLeuThrHisProYalThrLysTyrlleMetThrCys 
181 GGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACOVAATAC^ 

CCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACG 

MetSerAlaAspI^uGluValValThrSerThrt^ 
24 1 ATGTCGGCOG ACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGG CGTCCTGGCT 
TACAGCCGGCTGGACCTCCAGCAGTGCTTC 

AlaLeuAlaAlaTyrCysLeuSerrhxGlyCysValYallleValGlyArgValValLeu 
301 GC TTTOGCCGCG TA TTGCCTG TCAACAGGCTCCGTGGTCATAGTGGGCAGGGTCGTCTTG 
CGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAAC 



--Overlap vith 81- 



SerGlyLysProAlallelleProAapArgGluValLeuTyrArg 
361 TCCGGGAAGCCGGCMTCATACCTGACAGGGAAGTCCTCTACCGAG 
AGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTC 
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FIG. 6 Combined ORF of DNAs 36 * 61 



AspAlaHisPheI^tiSer<31nThrLysGlnSetGlyGluAsriLeuProTyrIieaV'alAla 
1 GATGCCCACTTTCTATCCCAGACAAAGC^ 
CTACGGGTGAAAGATAGGGTCTGTTTCGTC^ 

TyrGlnAlaThrValCysAlaArgAlaGlnAIaProProProSerTrpAspGltiMetTrp 

6 1 taccaagccaccgtgtgogctagggctcaagcccctcccccatcgtgggaccagatgtgg 
atggttcggtgg(^cacgcx;atcccgagttcggggagggggtagcaccctggtctacacc 

LysCysl^ulleArgl^uLysProThrLeuHisGlyProThrProLeuLeuTyrArgLeu 

12 1 aagtcttix^ttcgcctcaagcccaccctc^ 

ttcacaaactaagcggagttcgggtgggaggtacccggttctgggga 

GlyMaValGlnAsnGlurieTKrLeuThrHisProValThrLysTyrrieMetThrCys 

181 ggcgctgttcagaatgaaatcaccctgacgcacccagtcaccaaatacatcatgacatc 
ccgcgacaagtcttactttagtgggactgcgtgggtcagtggtttatg 

MetSer AlaAspLeuGluValValThr SerThrTrp ValLeuVa 1G lyG ly ValLeuAla 
241 ATGTCGGCCGACCTCGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCT 
TACAGCCGGCTGGACCTCCAGCAGTCCTCGTGGACCCACGAGCAACCGCCGCAGGACCGA 

Alal^uAIaAla^rCysUmSartt^ 

301 gctttggccgogtattgcctgtcaacaggc tgcgtggtcatagtgggcagggtcgtcttg 
cgaaaccggcgcataacggacagttgtccgacgcaccagtatcacccgtccxagcagaa 

SerGlyLysProAlallellePrcAspArgGluValLeuTyrArgGluPheAspGluMet 
361 TCCGGG AAGCCGGCAATCATACCTG ACAGGGAAGTCCTCTACCG AGAG TTCGATG AGATG 
AGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTC 

GluGluCysSerGlnHisLeuProTyrlleGluGlnGlyMetMetLeuAlaGluGlriPhe 
421 G AAGAG TGCTCTCAGCACTT ACCG T ACATCG AGCAAGGG ATG ATGCTCGCCG AG CAGTTC 
C TTCTC ACG AGAG TCG TGAATGGCATGTAGCTCG TTCCCT ACTACG AGCGGCTCGTCAAG 

LysGliUL^ysAlal^uGlyl^uLeuGlDThrAlaSerArgGlnAlaGluVallleAlaPro 
481 AAGCAGAAGGCCCTCGKCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCT 
TTCGTCTTCCG^AGCCGGAGGAC^TCTGGCGCAGGGCAGTC 

AlaValGlnThr^nTrpGlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhe 
541 GCTGTCC^GACCAACTGGCAAAAACTCGAGACCTTCTC 
CGACAGGTCIX^irrcACOGTTTTTGAGCTC 

I leSerGly IleGlnTyxLeuAl aGlyLeuSerThrLeuProGlyAsaProAla HeAla 
601 ATCAGTGGGATACAATACTTGGCGGGCTTGTCAAC^ 

TAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGAOG^ 

Serl^uMetAlaPheThrMaAlaYalThrSerproLeuThrThrSerGln 
661 TCATTGATGGCTTTTACAGCTGCTGTCACCA^ 

AGTAACOACCGAAAATGTC^CGACAGTCGTCX^ 
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FIG. 7 Translation of DNA 32 



Overlap with 81 

PheThrAlaAlaValThrSerProLeuTl^ 
1 CTTCTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAACATAT 

GAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTTGGGAK^ 

GlTGlyTrpValMaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlaPheValGlyAla 
61 TGGGGGGGTGGGlt^CTGCCCAGCTCGCCGCCCCOGGTGCCGCTACTGCCTTTGTCGGCG 
ACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACACCCGC 

GlyLeuAlaGlyAlaAlalleGlySerValGlyLeuGlyLysValLeuIleAspIleLeu 

121 CTGGCTTAGCTGGCGCO^CATCGGCAGTGm^ 

GACCGAATCGACCGCX3GCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTGTAGG 

AlaGlyTyrGlyAlaGlyValJaaGlyAlal^uV^ 
181 TTGCAGGGTATGGCGCGGGC^TGGCGGGAGCTCTTGTGGCATTCAAGA 

AACG tcccataccg CGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAG TACTCGCCAC 

ValProSerthrGloAspl^uValAsnLeuLeuProAlalleLeuSerProGXyAlaLeu 
241 AGGTCC CCTC CACG G AGGACCTGG TCAATCTACTGCCCGCCATCCTC TCGCCCGGAGCC C 
TCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCTCGGG 

ValValGlyValValCysAlaAlalleLeuArgArgHisValGlyProGlyGluGlyAla 
301 TCGTAGTCGGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAGGGGG 
AGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTCCCCC 

ValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSer 
361 CAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCC 
GTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGG 
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FIG. 8 Translation of DNA 35 

SerlleGluThrlleThrLeuProGlr^pAlaValSerAi^ThrGlnArgArgGlyArg 
1 TCCATTGAGACAATCACGCTCCCCCAGGATGCTGTCTC^ 
AGGTAACTCTGTTAGTGCGAGGGGGTCCTAOT^^ 

ThrGlyArgGlyLysProGlylleTyrArgPheValAlaProGlyGluArgProSerGly 
6 1 ACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCT 

TGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACAOCGTGGCCCCCTCGCGGGGAGGCCG 

MetPheAspSerSerValLeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeu 
121 ATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGCTC 
TACAAG CTGAGCAG GCAGG AGACACTCACG ATACTGCGTCCGACAC GAACCAT ACTCGAG 

ThrProMaGluThrThrValArgLeuArgAlaTyrMetAsnThrProGlyLeuPTO 
181 ACGCCCGCCGAGACTACAGTTAGGCTACGAGGGTACATGAACACCCCGGGGCTTCCCGTG 
TGOG GG CGGCTCTG ATGTCAATCCG ATGCTCGCATGTACTTGTGGGGCCC CGAAGGGCAC 



CysGlnAspHisI^uGluPheTrpGluGlyValPheThrGlyLeuThrHisIleAspAla 
241 TGCCAGGACCATCTlXaMTTTTGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATGCC 
ACGGTCC TGGTAG AACTTAAAACCCTCCCGCAGAAATG TCCGGAGTGAGTATATCTACGG 



His pheLeuSerGltxThrLy SG InSerGlyG luAsnLeuPr oTyrLeuValAlaTyrG In 
301 CACTTTCTATCCCAGACAAAGCAGAGTCGGGAGAACCXTCCTTACCTGGTAGCGTACCAA 
GTGAAAGATAGGGTCTGTTTCGTCIXIACCCCTCTTGGAAGGAATGGACC^ 

Overlap with 36 

AlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrpt.ysCys 
361 GCCACCG TG TGCGCT AGGGCTCAAG CCCCTCCCCCAT CGTGGGACCAG ATG TGG AAGTG T 
CGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACA 



I>uIleArgI>e\iLysProThrI^uHisGlyProThrProI^uI^uTyrArgL€uGlyAla 
421 TTGATTCGCCTCAAGCCCACXCTCCATGG^ 

AAC TAAGCGGAGTTCGGGTGGGAGGTACCCGGTTCTGGGGACGATATGTCTGACCCGCG A 
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FIG. 9- 1 Combined ORF of DNAs 35,36,81 6 32 

Ser I leGIuThr IleThrl^uProGlriAspAlaValSerArgThrGliiArgArgClyArg 

1 tccattgagacaatcacgct(xcccaggat<kitgtctcccgcactcaacgtcggggcagg 
aggtmctctgttagtgcgagggggtcctacgacagagggcgtgagttgcagccccgtcc 

ThrGlyArgGlyLysProGlylleTyrArgPheValAlaProGlyGluArgProSerGly 
6 1 ACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCGGC 
TGACCGTCCCCCTTCGGTCCGtAGATGTCTAAACACCGTGGCCCCCTCGCX^GGAGGCCG 

MetPheAspSerSetValLeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeu 
121 ATG TTC GACTCG T C CGT C CTC TGTGAGTG CTATGACCCAGGCTGTG CTTGGTATGAG CTC 
TACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCGAG 

ThrProAlaGluThrThrValArgLeuArgAlatyrMetAsnThrPrcjGlyLeuproVal 
181 ACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTG 
TGCGGGCGGCTCTGATGTCMTCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGCAC 

CysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeuThrHtsrleAspAla 
241 TGCCAGGACCATCTTGAATTXTGGGAGGGCGTCTWACAGGCCTCACXCATATAGATCCC 
ACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTACGG 

HisPheI^\iSerGlnThrLysGlnSerGlyGluAsxiLeuProTyrLeuValAlaTyrGln 
301 CACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGGGTACCAA 
GTG AAAGATAGGGTCTGTTTCGTC TCACCCCTCTtGGAAGGAATGGACCATCGCATGGTT 

AlaThrValCysAlaArgAlaGltxAlaProPtoProSerTrpAspGlnMetTrpLysCys 
361 GCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGT 
CGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACA 

Leu I leAr gLeuLy sPr oThxLeu HisG ly Pr oThrProLeuLeuTyrArgteuGlyAla 
421 TTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCT 
AACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTCTGGGGACGATATGTCTGACCCGCG 

valGlnAsm;iullerhrI^uThrHisProValT2irLysTyrIleMetT2irCysMetSer 
481 GTTCAGAATGAiUVTCACCC'rGACGCACCCAGTCACCAAATACATCATGACATGCATGTCG 
CAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATOTAGTACTGXACGTACAGC 

AlaAspLeuGluValValThrSerThrTrpValLeuValGlyQlyValLeuAlaAlal^eu 
541 GCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCG^ 
CGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGC^ 

AlaAlaTyrCysI^uSerthrGlyCysValVallleYalGlyArgValValteuSerGly 
601 GCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGGGCAG^ 

CGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCA^ 

lysProAlallelleProAspArgGluValLeuTyrArgGluPheAspGluHetGluGlu 
661 AAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGG 
TTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTC 

CysSerGlnHLsLeuProTyxIleGluGlnGlyHe^ 
721 TGCTCTC^GCACTTACCGTACATCGAGCAAGGGATGATC 

ACGAGAGTCGTGMTGGCATGTAXSCrCGTTCCCTACTACGAGCGGCTC 

LysAlal^uGlyl^uLeuGlaThrAIaSerArgQlnAlafiluVallleAlaProAlaVal 
781 ;Utf^CCCTCGGCCTCCTGCAGACCGCGlTC^ 

TTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCT^ 
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GlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhelleSer 

841 cagaccaactggcaaaaactcgagaccttctgggcgaagcatatgtggaacttcatcagt 
gtctggttgaccgtttttgagctctggaagacccgcttcgtatacaccttcaagtagtca 

G ly I leG InTyrLeuAl aGlyLeuSerThrLeuProGlyAsnProAl a IleAlaSerLeu 
901 GGG ATACAATACOTGGCGOGCTTGTCAACGCTGCCTGGTAACCCCGCCA 
CCCTATGTTAIGAACCGCCCGAACAGTTGCGACGGACCATTGGG^ 

HetAlaPheThrAlaALaValThrSerProLeuThrThxSerGlnThrLeuLeuPheAsn 
961 ATGGCTTTT ACAG CTGCTG TCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAAC 
TACCG AAAATGTCG ACG ACAGTGGTCGGG TGATTGGTG ATCGGTTTGGGAGG AGAAG TTG 

IleI^uGlyGlyTrpValAiaAlaGlnr^uAlaAlaPr<^lyMaAlaThrAlaPheVal 

1021 • atattgggggggtgggtggctgcccagctcgccgcccccggtgccgctactgcctttgtg 
tataacccccccacccaccgacgggtcgagcggcgggggccaoggcgatgacggaaacac 

Gly AlaGly LeuAl aG lyAlaAlal leGly SerValGly LeuGlyLysValLeuI leAsp 
1081 GGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGG'rCCTCATAGAC 
CCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTG 

IleLeuAlaGlyTyrGlyAlaGlyValAlaGlyAlaLeuValAlaPheLysIleMetSer 
1141 ATCCWGCAGffiTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGA^ 
TAGGAA0GTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCG1AAGTTCTAG 

GlyGluValProSerThJGluAspI^uValAsni^ul^uProAlallel^uSerProGly 
120 1 GGTGAGGTCCCCTCCACGGAGGACCTGGTC^TCTACTGCCCGCCATCCTCTCGCCCGGA 
CCACTCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCT 

AlaLeuValValGlyValValCysAlaAlalleLeuArgArgHisValGlyProGlyGlu 
1261 GCCCTCGTAGTCGGCGTGGTCTGTGCAGCAATACTCCGCCGGCACGTTGGCCCGGGCGA^ 
CGGGAGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTC 

GlyAlaValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSer 
1321 GGGGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACC^TGTTTCCCC 
CCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGGGGAGGGCCCCCTTGGXACAAAGGGG 

FIG. 9-2 
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FIG. 10 Translation of DNA 37b 



LeuAla^aLysI^uValAlaLeuGlylleAsnAlaValAlaTyrTyrArgGlyLeuAsp 
1 CTCGCCGCAAAGCXGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGAC 
GAGCGGCGTTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTG 



ValSerVal IlePr oThrSerGly AspVal ValValVa 1 Al aThr A sp Al aLeuMetThr 
6 1 GTGTCCGTCATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACC 
CACAGGCAGTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGGGAGTACTGG 



GlyTyrThxGlyAspPheAspSerVallleAspTyrAsnThrCysValThrGlnThrVal 
12 1 GGCTATACCGGCGACTTCGACTCGGTGAT AGACTACAATACGTGTGTCACCCAG ACAGTC 
CCGATATGGCCGCTGAAGCTGAGCCACTATCTGATGTTATGCACACAGTGGGTCTGTCAG 

Overlap with 

AspPheSerl^uAspProThrPheThrlleGluThrlleThrLeuProGlnAspAlaVal 
181 GATTTCAGCCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCAGGATGCXGTC 
CTAAAGTCGGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAG 

clone 35 

SerArgThrGlnArgArgGlyArgThr 
24 1 TCCCGCACTCAACGTCGGGGCAGGACTG 
AGGGCGTGAGTTGCAGCCCCGTCCTGAC 



FIG. II Translation of DNA 33b 



Overlap with 32 

MetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSerProThrHisTyrVal 
1 GATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCCCACGCACTACGT 
CTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGGTGCGTGATGCA 

ProGl uS er AspAlaAlaAlaArgValThr AlalleLeuSer SerLeuThrVa lThrGl n 
61 GCCGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACCCA 
CGGCCTCTCGCTACGTCGACGGGCGCAGTGACGGTATGAGTCGTCGGAGTGACATTGGGT 

I^uLeuArgArgLeuHisGlnTrpIleSerS€irGluCysThrThrProCysSerGlySer 
121 GCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTGTACCACTCCATG 

CGAGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCACATGGTGAGGTACGAGGCCAAG 

TrpLeuArgAspIleTrpAspTrpIleCysGluValLeuSerAspPheLysThrTrpLeu 
18 1 CTGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGTTGAGCG ACTTT AAGACCTGGCT 
GACCGATTCCCTGTAGACCCTGACCTATACGCTCCACAACTCGCTGAAATTCTGGACCGA 

Ly s Al aLy sLeuMet ProGlnLeaPr oG ly lie ProP heValSer Cy sG 1 nAr gGly Ty r 
241 AAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTGCCAGCGCGGGTA 
TTTTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGAAACACAGGACGGTCGCGCCCAT 

LysGlyValTrpArgVal 
301 TAAGGGGGTC TGGCGAGTG 
ATTCCCCCAGACCGCTCAC 
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FIG. 12 Translation of DNA 40b 

AlaTyrMetSerLysAlaHisGlylleAspProAsnlleArgThrGlyValArgThrlle 
1 GGCTTACATG TCCAAGGCTCATGGGATCG ATCC TAACATCAGGACCGGGGTGAG AACAAT 
CCGAATCTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTA 

ThrThj^lySerProIleThrTyrSerThrT^ 
6 1 TACCACTGGCAGCCCCATC^OTTACTCCACCTACGGGAAGTTCCTTGCCGACGGCGGGTG 
ATGGTGACCGTCGGGGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGCroCCGCCCAC 

SerGlyGlyAlaTyxAspIlellelleCysAspGluCysHisSerThrAspAlaThrSer 
121 C TCG GGGGG CG C TTATGACATAATAATTTG TG ACG AG TGCCACTC C ACG GATG CCACATC 
GAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTAG 

Ilel^uGlylleGlyThrVall^uAspGlnAlaGluThrAlaGlyMaArgLeuvalVal 
16 1 CAT CTTGGG CATCG GCACTGTC CTTG AC CAAG CAGAG AC TG CGGGG GCG AG ACTGG T TG T 
GTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACA 

LeuAlaThrAlaThrProProGlySerValThrValProHisProAsnlleGluGluVal 
24 1. GCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGGT 
CGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGTCACACGGGGTAGGGXTGTAGCTCCTCCA 

Alar^uSerThrthrGlyGluIleProPheTyrGlyLysAlalleProLeuGluVallle 
301 TGCTCTGTCC^CCACCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAAT 
ACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTA 



LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAla 
361 CAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGC 



Overlap with 37b- 

LysLeuValAlaLeuGlylleAsnAlaValAlaTyrTyrArgGlyLeuAspValSerVal 
421 AAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGT 
TTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCA 



ileProThr 
481 CATCCCGACCAG 
GTAGGGCTGGTC 
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FIG. 1 3 Translation of DNA 25c 



CysSerLeuThrValThrClnLeuLeuArgArgLeuHisGlnTrpIleSerSerGliiCys 

1 actgcagcctcactgtaacccagctcctgaggcgactgcaccagtggataagctcggagt 

TGACGTCGGAGTCACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCA 

ThrThr ProCy sSerGlySerTrpLeuArgAspl lew pAspTrp I leCysG luValLeu 
6 1 GTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGT 
CATGGTGAGG T ACG AGGCCAAGGACCGATT CCCTGT AG ACCCTG ACCTATACGCTCCACA 



Overlap with 33b ■ 

SerAspPheLysThrtrpLeuLysAlaLysl^uMetProGlnLeuProGlylleProPhe 
1 21 TGAGCGACTTTAAGACCTGGCTAAAAGCTMGCTCATGCCACAGCTGCCTGGGATCCCCT 
ACTCGCTGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGA 



ValSerCysGlnArgGlyTyrLysGlyvalTrpArgGlyAspGlylleMetHisThrArg 
18 1 TTGTGTC CTG CCAG CGCGGG TAT AAGGGGG TCTGGCG AGGGGACG G CATCATGCACAC TC 
AACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCCCCTGCCGTAGTACGTGTGAG 

Cy sHi sCy sGly AlaGluIleThrGly HisValLy sAsnClyThrMetArg I leValGly 
241 G CTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCG 
CGACGGTGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACTCCTAGCAGC 

ProArgThxCysArgAsnMetTrpSerGlyThrPheProlleAsnAlaTyrThrThrGly 
301 GTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTACACCACGG 
CAGGATCCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGATGTGGTGCC 

ProCysThrProLeuProAlaProAsnTyrThrPheAlaLeuTrpArgValSerAlaGlu 
361 G CCCCTGTACCCCCCTTCCTGCGCCG AACTACACGTTCGCGCTATGGAGGGTGT CTGCAG 
CGGGGACATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCACAGACGTC 

GluTyrValGiuIleArgGlnValGlyAspPheHisTyrValThrGlyMetThrThrAsp 
421 AGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTG 
TCCTTATACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTG CCCATACTGATG AC 

AsnLeuLysCysProCysGlnValProSerProGluPhePheThrGlu 
481 ACAATC TCAAATGC CCG TG C CAGG TCCCATCGCCCG AATTTTTCACAG AAT 
TG TTAG AGTTTACGGGC ACGG TCC AGGGTAGCGGGCTT AAAAAGTG TCTTA 
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FIG. 14-1 Combined OHF of DNAs 40b/37b/3 5/3 6/81/3 2/3 3b/2 5c 

AlaTyrMetSerLysAlaHlsGlylleAspProAsnlleAr^hrClyValArgThrlle 
X TGCTTACATGTCCAAGGCTCATGGGATOGATC^ 

ACGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTA 

ThrThrGlySerProIleThr^rSerThrTyrGl^^ 
61 TACCACTGGCAGCCCCATCACGTACTCCACCTAC^ 

ATGGTGACCGTCGGGGTAGIXX^TGAGGTGGATGCCGTT^ 

Sea<51yGlyAlaTyrAsplleIleIlecysAspGluCysHisSerThrAspAlaThrSer 
121 CTCGGGGGGCGCTTATGACATAATAATTTGTGAQ3AGTGCCACTCCACGGATGCCACATC 
GAGCCCCCCGCGAATACTGTATTATTAAACAC^ 

IleLeuGlylleGlyThrVall^uAspGlnAlaGluThrAlaGlyAlaArgLeuValVal 
181 CATCTTGGGCATCGGCACTGTCCTTGACCAAGCAGAGACTGCGC^ 

GTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCT 

LeuAlaThrAlaThrProProGlySerValThrValProHisProAsnlleGluGluVal 
241 GCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCC^ 

CG AGCGGTGGCGGTGGGG AGGCCCG AGGCAG TGAC ACGGGGT AGGGTTGTAG CTCCTCCA 

AlaLeuSerThrThrGlyGluileProPheryrGlyLysAlalleProLeuGluVallle 
301 TGCTCTGTC CACCACCGGAGAGATCCCTTTTTACGGCAAGGCT ATCC CCCTCGAAGTAAT 
ACGAGACAGGTGGTGGCCTCTCTAGGGAAAMTGCCGTTCCGATAGGGGGAGCT 

LysGlyGlyArgHlsJbeiillePheCysHisSerLysLysLysCysAspGluLeuAlaAla 
361 CAAGGG GGGG AG ACATCTCATC ITCTGTCATTCAAAGAAG AAG TGCG ACGAACTCG C CG C 
GTTCCCCCXCTCTGTAGAGTAGAAGACAGTAAGTTTOT 

LysI^uValAlaLeuGlylleAsnAlaValAlaTyrTyrArgGlyLeuAspValSejrval 
421 AAAGCTGGTCG<^TGGGCATCAATGCCGTGGCCTACTACCGOGG 

TTTCG ACCAG CGT AXCCCGTAGTTACGGCACCGGATGATGG CG CCAG AACTGC ACAGGCA 

ileProThrSerGlyAspValVaiValValAlaThrAspAla^ 

481 catcccgaccagcggogatcttgtcgtcgtggcaacogatgccctc^tgaccggctatac 
gtagggctggtcgcogctacaacagcagcaccgttggctacgggagtactggccgatatg 

GlyAspPheAspSerVal I leAs pTyrAsnThrCysValThrGl nThrVa IAS pPheSer 

54 1 cggcgacttcgactoggtgatagactacaatacstgtgtcacccagacagtcgatttcag 
gccgctgaagctgagccactatctgatgttatgca^^ 

LeuAspProThrPheThrlleGluThrlleThrt^uproGlCLAspAlaValSerArgThr 

€01 cctogaccctaccttcaccattgagacaatcacgctcccccaggatgctgtctcccgcac 
ggaactgggatggaagtggtaactctgttagijgcgagggggtcctacgacagagggcgtg 

GlnArgArgGlyArgThrGlyArgGlyLysProGly I leTyrArgPheValAl aProGly 
661 TCMCGTCGGGGCAGGACTCGCAGGGGGAAGCCAGGCATCTACAGAT^ 

AGTTGCAGCCCCGTCCTGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCX^C 

GluArgProSerGlyMetPheAspSerSerValieuCysGluCysTyrAspAlaGlyCys 
721 GGAGCGCCCCTCCGGCATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGAC 
CCTCGCGGGGAGGCCGTACAAGCTGAGCAGGCAGGAGA 

AlaTrpl^rGluI^uThrPraAlaGluThrThJtrValArgl^uArgAl 
781 TGCTTGGTA1XIAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACAC 
ACGAACCATACTCGAGTGCGGGCGGCTCTGATG 

ProGlyLeuProValCysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeu 
841 CCQK>GGCTTCCCGTGTGCCAGGACCATCTTGAATTTTGGGAC^ 

GGGCCCCGAAGGGCACAOGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGXCCGGA 

ThrHislleAspAlaHlsPheLeuSeiGlnThrLysGlnSeiGlyGluAaaLeuProTyr 
901 CACTCATATAGATGCCCACTTTCTATCCCAGACAAAGC^ 

GTGAGTATATCTACGGGTGAAAGATAGGGTCTGTTTCGTCT^ 
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I^uValAlaTyxGlnAlaThrValCysAlaArg^aGl^ 
961 CCTGGTAGCGTACCAAGCCACCGTGTGCGCTAGGGCTCAAGC^ 
GC^CCATCgCATGGTTCGGTGGCACACGCGATCC^ 

GlnMetTrpLysCysLeulleAxgLeuLysProThrL^ 
1021 CCAGATGTGGAAGTGTTTGATTCGCCTCAAGCCCACCCTCCATG<^^ 
GGTCTACACCTTCACAJU^CTAAGCGGAGnt^GGTGGGAjGGTACCC^ 

O^rArgLfeuGlyAlaValGlnAsnGluIleThrLeuThrKisProValThrLysTyrlle 
1081 ATACAG ACTGGGCGCTGTTCAG AATGAAATCACCCTGACGCACCCAGTCACCAAATACAT 
TATGTCTGACCCGCGACAAGTCTTACTTTAGTGGGAC^ 

KetThrCysKetSerAlaAspI^uGluValValThrSerThrTrpVzOJjeuValGlyGly 
1141 CATGACATGCATGTaXCTCACCTGG&GGT^^ 

GTACTGTAC^ACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCA^ 

ValLeuAlaAlaLeuAlaAlaTyrCysLeuSerThrClyCysValVallleValGlyArg 

1201 cgtcctggctgctttggccgcgtattgcctgtcaacaggctgcg 
gcaggaccgacgaaaccgkgcataacggacagttgtc^ 

ValValieuSerGlyLysProAlallelleProAspArgGluValLeuTyrArgGluPhe 
1261 GGTCGTCTTGTCCGGGAAGCCGGCAATCATACC^ 

CCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTC 

AspGluMetGluGluCysSerGlnKisLeuProTyrileGIuGlnGlyMetMetXieuAJLa 
1321 CGATGAGATGGAAGAGTGCTCTCAGCACTTACCGTAC^^ 

GCTACTCTAjCCTlXJTCAOGAGAGTCXJTCAATGGCATCTAGCTCG 



1381 



Gl uGlnPJieLysGlnl/ysAlaLeuGl yLeuLeuGlnThrAl aSerArgGlnAlaGluVal 
GCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACGTCTGG 



IleAlaProAlaValGlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMe't 
1441 TATCGCCCCTGCTGTCCAGACCAACTGGCAAAAACTCGAGA 

ATAGCGGGGACGACAGGTCTGGTTGACCGTOTTTGAGCTCTGG^ 

TrpAsn PhelleS erG ly I leGln tyr LeuAl aGlyLeuSexThr LeuProGlyAs nPro 
1501 GTGGAACTraU , OteTGGGATACAATACT^ 

CACCTTGAAGTAGTCACCCTATGTTATGAACCG CCCGAACAGTTG CGACCXJACCATTGGG 

AlaileAlaSerLeuMetAlaPheThrMaAlaValThrSerProLeuThrThrSexGln 
1561 CGCCATTGCTTCATTGATGGCTTTTACACCTGCTGTCACCAGC^ 

GCGGTAACGAAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGAT^ 

Thrl^uI^uPheAsnlleLeuGlyGlyTrpValAlaAJLaGlnl^uAlaAlaProGlyAla 
1621 AACCCT CCTCTTCAACATATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCC 

TTGGGAGG AGAAGTTGTATAACCOCCCCACCCACOiACGGGTCGAG GGGCGGGGGCCACG 

AlaThrAlaPheValGlyAlaGlyLeiiAaaGlyAiaAlalleGlySerValGlyLeuGly 
1681 CGCTACTGCCTTTGTGGGOGCTGGCXTAGCTGGCGCCGCCATOGGC 

GCGATCACGGAAACACCCGOGACCGAATCGACCGCGGCGGTAGCOGTCAC^ 

LysVall^uIleA^lleLeuAlaClyTyrGlyAiaGlyVaJLAlaGlyAlalieuVama 
1741 GAAGGTCCTCATAGACATCCTTGCAGGGTATGG0GCGGG0GTCGCGGGAGCTCTTG1GK 
CTTCCAGGAGTATCTGTAGC^CGTC^ 

Ph^ysIlrf4etSeiGlyGluValPrx^xThrGluA3pI>euValAsnLeia^uP 
1B01 ATTCAAGATCATGAGC^TGAGGTCCCCTCCACGGAGGAC^ 
TAAGTTCTAGTACTOGCCACTCCA<3GGGAGGTGCCTC(^^ 

Ilel^uSerProGlyAlal^uValValGlyValValCysAlaAlallel^uArgAxgHis 
1861 CATCCTCTCGCCCGGAGCCCTCGTAGTCGGCGTGGTCTGTGCA 
GTAGGAGAGCGGGCCTaKGAGCATCAGCCGCAiXAGAC^ 

FIG. 1 4 ~2 ValGlyPrcrfUyGluGlyAlaValGlnTrpMetAs^^ 
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1921 CGTTGGCCXGGGCGAGCGGGCAGTCCAGTGGATGAACCGGCTGATAGCCT^ 

G CAACCGGGCCCGCTCCCCCG TCACGTCACCTACTTGG CCGACTATCGGAAGCGG AGGGC 

GlyAsnHisValSerProThrHisTyrValProGluSerAspAlaAlaAXaArgValThr 
1981 GGGGAACCATGTTTCCCCCACGCACTACGTGCCGGAGAGCXATGCAGCTGCCCGCG 

CCCCTTGGTACAAAGGGGGTGCGTGATGCACGGCCTCTCGCTACGTCGACGGGCGCAGTG 

Alallel^uSerSerlieuThrValThrGlnLeuLeuArgArgLeuHisGlnTrpIleSer 
2041 TGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAAG 
ACGGTATG AGTCGTCGGAG TG ACATTGGG TCG AGG ACTCCGCTGACG TGGTCACCTATT C 

Sej^luCysThrThrProCysSerGlySerTrpLeuArgAspIleTrpAspTrpIleCys 
2101 CTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACAICTGGGACTGGATATC 
GAGCCTCACATGGTGAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATAC 

GluVall^uSerAspPheLysThrTrpLeuLysAiaLysLeuMetProGliiLeuProGly 
2161 CGAGGTGTTCAGCGACTTTAAGACCTG(XTAAAAGCTAAGCTCATGCCACAGCTGCCrGG 
GCTCCACAACTCGCTGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTC 

IleProPheValSerCysGlnArgGlyTyrLysGlyValTxpArgValAspGlylleMet 
2221 GATCCCCTTTGTGTCCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCAT 
CTAGGGGAAACACAGGACGGrCGCGCCCATATTCCCCCAGACCGCTCACCTGCCGTAGTA 

HisThrArgCysHisCysGlyAlaGlulleThrGlyHisValLysAsnGlyThrMetArg 
2 2 Bl GCACACTCGCTGCCACTGTGGAGCTGAGATCACTX^ACATGTCAAAAACGGGACGATGAG 
CGTGTGAGCGACGGTGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACTC 

IleValGlyProArgThrCysArgAsriMetTrpSerGlyThrPheProIleAsnAlaTyr 
2341 GATCGTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTA 
CTAGCAGCCAGGATCCTGGACGTCCTTGTACACCTCACCCl^AAGGGGTAATTACGGAT 

ThrThrGlyProCys-rhrProLeuProAlaProAsnTyrThrPheAlaLeuTrpArgVal 
2401 C ACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACACGTTCGCGCTATG GAGGGT 
G TGGTG CCCGGGGACATGGGGGGAAGG ACGCGGCT TG ATGTGCAAG CGCGATAC CTCCC A 

SerAlaGluGluTyrValGluIleArgGlnValGlyASpPheHistyrValThrGlyMet 
2461 GTCTGCAGAGGAATATGTGGAGATAAGGCAGGTGGGGGACrTCCACTACGTGACGGGTAT 
CAGACGTCTCCTTATACACC1CTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATA 

ThrThrAspAsnLeuLysCysProCysGlnValProSerProGluPhePheThrGlu 
2521 G ACTAC TGAC AATCTCAAATGCCCG TGCC AGG TC CCATCGCCCG AA TTTTTCACAG AAT 
CTGATGACTGTTAGAGITrACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGrGTCTTA 



FIG. 14-3 
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FIG, 1 5 Translatioa cf DHA 33c 

AlaValAspPhoIlcProValGluAapI^^ 
1 TOCGGTGGACTTTATCCCTGTGGAGAACC^ 
CCGCOtfrCTGAAAIAGGGACACCTC^^ 

AspAanS^rS^Prol^valValProGlnSerPhcGlnValAla 
61 (^ATAACICCTCTCatfXAGTAGra 

ThxGlySerGlyt**SerThrLyiWa^ 
121 CACAGGCAGOGTCAAAAGCIKXAAGGTC^^ 

GTCTCCGTOGCCGTTTTCGTGGTTCCAGQGCeGACGM^ 

lAuValLguX^roS#^ 

18 1 CGATCATGlUSriGGGGXSACJUlCGJ^GT^ 



Overlap with 40 b ■ ■ r. 

RisGlyIl«AspPraAanIleArgihrGlyVaj^^ 

241 tcatgggatcgatcctaacatcaggaccg^ 
agtaccctagctusgaxtgtagtcc^ 

ThrTyxSeifHrrTyxGlyLysPheLcuAlaA^ 
301 cAanACTOCACxnaosGc ^ 

GTGWXGWWTGGATGCCGTTCAAG^^ 

IlellelleCyflAspGluCysHlsSerThrAspAlathrS^IleLeu^ 
361 CATAAXAA!TriGlX*M3»G^ 

ValLeuAspGlnJOaGluShr^ 
421 TCTCCTTCACOVAGCACEtGAC^^ 

AOUSGAACTGGTTCGTCTCTGAC^CCCC^ 

PrcGlySerValThrValProRi^PraAsnll^ 
481 TCCGGGCTCCGTCACTGTGCCCCAra 

AGGCCCGAGGCAGTGACACGGGGTAGGGT^ 

GluIlePrcPheTyrGlyLysAlalleProLeuG^^^ 
541 AGAGATCCCTTXTTACBGCAA^^ 
TCTCTAG«3AJUUUtfXra«ra^ 

IlePheCysHlsSerXiYsLysLysQfsAs; 
601 a^TCTTCTGTCASTCAAAGMyGAMTGC^ 

ileAanAlaValAlaTyrO^ArgGlyl^uAspV^ 
661 CATOVATGCnrCGGCCTACn^ 

GTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCAGT^ 

ValValValVedAlaThrAspAlal^uMetThrt^ 
721 TGTTGTCGTCGTGGCAACCGATGCCCTC^TGACCGGCT 

IlcAspCyaAsnThrCys 
781 GATAGACTGCAAIACGTGTG 
CTATCTGACGTTATGCACAC 
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FIG. 1 6 Translation of Wh 8h 

ProCysttirCysGl^erSerAapleu^^ 
1 CTCCCTGCAC1^G<XSCCTCGG^ 
GAGGGACGTCAACGCXSAGGAGCC^^ 

ValArfArgArgGlyAspSerArgGlySerLcuIieuSerFrc^ 
61 CCGTGCGCCGGCGGGGIX^TAGCaGGGGCAGCCIX^^ 
GGCACGCGGCOXrCCa^ 

LysGlySerSer<nyGlyProLeuI^ 
121 T&**GCCTC&^^ 

AcrrtcasAGauxrcarcAGG^ 

Overlap with 

AlaAlaValCysThrATTGlyV^I M rtT.y^aVAJLAspPhcIleFroVevlGluAsnLeu 
181 GGGCCGCGGTGTGCACCCGTGGAGTGGCTMGGOGGTGGA^ 
CCCGGCGCCaCACGTC^GCACCT^^ 

33c 

GluXhrThritetAtgSerProValPh«IhxAspA8nS«r 
241 TAGAG ACAACCATG AGGTCCCCGGTGTTCACGGATAACTCCTC 
ATXTTCTGTTGGTACTXX&GGTCCCACAAGTGCCM 



FIG. 17 Translation of DMA 7e 

GlyTrpJ^t^uI^uAlaProIleThrAlaTy^^ 
1 GGGGaxra^CTGCRKOX^ 

CCCCACCrCCAAOUlCaSCGGGTMl^ 

CysIlelleThrSerLeuThrGlyAr^AspLys^^ 
61 GTGCATAATCACCAGCCTAACTGGCC^ 

ValSerthrAlaAlaGlnlOirPheLeuA^^ 
121 TGtGTCAACTOCTGCCaVAAC C TTOCT G G^ 




TyrHisGlyAlaGl; 
181 CTACCACGGGGCCGG 



ThrAsnValAspGlnAspI>tuValGlyTrpProW 
241 TACCAATGTAGACCAAGACCTTGT^^ 



Overlap with 8h ■ 

ProCysThrCysGlySerS^AspLeuTTrLaiValThrArgHis 
301 ACCCTG CACTTGCGGCTCCTCGGACCTTTACCTGGTCACGAGGCACG 
IGGGACGTGAACGCCGAGGArcCTGG^ 
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FIG. 18 Translation of DNA 14c 



AsnfrtetTrpSerGljiThrPteProrieAs^ 
1 GMCAttH^AGTGGGACCraCC^ 
CTTGTACACCTCACCCTGGAIIG^ 

— —Overlap with 25c — — — ■ ■ - 

ProAlaProAiraTyrThrPkeAlaLeuTrp^^ 
61 TCCIGCGCCGMCTACACGTTCGC^ 

AGGACGCGGCTTGATGTGCAAGCGCG&TACCCCCCACAGAjKTCTC^ 



ArgGlnValGlyAspPh^*Ty*ValThtf31^ 
121 AAGGCAGGTGGGGGACTTCCACTACGTGACG^^ 
TTCCGTCCACCCCCTXyttGGTCAT^^ 



CysGlnValProSexProGluPhePheThrGlulie^ 
181 GTGCCAGGTCCCAXCGCCCGAATTTTO^^ 
CACGGTCOkGGGTAGCOSCKnTAAAAAfi 

Al oPr oProCysLy sProLeuLeuArgGl uGluValSerPheArgValGlyLeuttUGlu 

241 TGCGCCCCCCTCCAAGCCCTtt^^ 

ACGOGGGGGGACGOTOGGWUS»CGCCCtCCTC 

TyrProVaXGlySerGlnl^uproC^sGluPr^ 

301 ATACCCGGTAGGGTCGCAATTACCTTGCGAGCCCGAACC^^ 
TATGGG CCATCCCAjGCGTTAATGGMCGCTCGGGCTTGCC^ 

Mctl^uThrAspProSerHislleThrAla^^ 
361 OVTGCTCACTGATCCCTCCCATATAACAGCM 

GTACGAGTGACT^GGAGGGTAIMTCTCGTCTC 

SerPxoProSerValAlaSerSerSerAlaSezGlnLeuSe^^ 
421 ATCACCCCCCTCTGTGGCCAGCTCCTG^CTAGCCM 
TAGTGGGGGGAGACACCGGTCGAGGAGCC^^ 

ThrCy sThrAl aAsaHisAspSerProAsp 
481 AACTTGCACCGCTAACCATGACTCCCCTGAT 
TTGAACGTGGCGATTGGTACTGAGGGGACTA 
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PIG. 1 9 Translation of -UNA 8f 



— — Overlap vith 14c — — 

SexSerSerMaSerGlnLeuSerAlaProSer^ 

TCG&GCASCCGXTCGGTCGAIAGGCGACGTA^ 



AspSerProJtspAlaGluLeuIleGluAlaAsnT iI^euTrpArgGlnGluHfttGlyOly 
61 GACTCCCCTGATGCTGAGCICA^^ 

A3QlleThrArgVal(UuS€rfluto 
121 fr* 0 ^^^ 

valAlaGluGluAspGluArgGluIleSerValPx^ 
181 GTGGCGGAGGAGGACGAGCGGGJUSATCTCCG 
CACCGCCTCCTCCTGCTCGCCCTCTAGAK^^ 

ArgPhaAlaGlJi^aliftuProVal&pAlaAi^ 

241 AGATTO^Cau^CCaX3CCCGTTTGG 
TCTWUSCGGGTCCGGGACGGGC^^ 

ThrTrp&ysLyaProAspTyrGluProProValValJttsGl^^ 

301 acgtggaaaaagcccx^ctacgaaccacctgtggtcca 
tgcacctttttcgggctgat^^ 

LysSerProPxoValPro 
361 AAGTCCCCTCCTGTGCCG 
TTCAGGGGAGGACACGGC 



FIG. 20 Translation of im 33f 



ValTrpAlaL&rgP:raAspTyrAsi^ 
1 CGTTTGGGCGCGGCCGC^^ 



Overlap vith 8f - 

GluPxoProValValHisGlyCysPrbLeuProPro^ 
61 OGAACCACCTGtt^TCC^^ 

ProArgLysLysArgThxValVaiLeuTh^ 
121 GCCTCGGWV5AAGCGGACGGTGGTCCTCACTCM 

eaaG cc r icrTO GccTGce^ 

LeuAlaThrArgSerPheGlySerSerSerTfcrS^^ 
181 gctccccaccagaagctttggcagctcctcawtttcc^ 

CGAfiCGGTGGTCTTCGAAACCGTCGAGGAG kgaaggccgtaatgcccgctgttatgctg 

ThiSerSerGluFroUaProSerGlycys 
241 AACATCCTCTCAGCCCGCCCCTTO^ 
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FIG, 2 1 Translation of DMA 33g 



Al aS«r ArgSftxPheG lyS^rS erScrThr SerGly U eThrGlyAspAa aThrThrThr 
1 GCCTCCAGAAGCTTTGGCACCTCCTCA^ 
a^GGTCTrCGAAACCGTO^^ 



-Overlap with 33£- 



SerSerXSluProAlaProSerGlyCysProPr^^ 
61 TCCTCTGAGOCGGCCCCTTCra^ 

AGGAGACT03GGCGGGGAAGACCGACGGG<^^ 

MetProProI^uGluGlyGluPrcGlyAspPrc^ 
121 A3XKCCCCOTraaU3^ 

TACGGGGGGGflCCTOCCCawa^^ 

ValSerSerSluAlaAanAUGlutopvalval^ 

181 GTCMnagrsaGreowa^ 

CAGTCATCACTCCGGTTGC^ 
GlyAlal^ValThrProCyjflAlaAlaGluG 

241 caia^ 

Asztf«l*ULeuAr?Ri^HisAsa^ 
301 AACTCGTTGCTACGTCACCACAATTTW 

TTGAGCAACGATGCAGTCGTGTTAAACCACATAAGGTGGTGGft^ 



FIG. 22 Translation of DNA 7f 

GlyThrTyrValTyrAsTiKisLeuThrPro3ueuArgA3pTrpAlaHisAsnGlyLeuArg 
1 GGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAACGGCTTGCGA 
CCGTGGATACAAATATTGGTAGAGTGAGGAGAAGCCCTGACCCGCGTGTTGCCGAACGCT 

AspLeuAl aValAl aValGluProValValPheSerGlnMetGluThrLy sLeuIleThx 
61 GATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAAATGGAGACCAAGCTCATCACG 
CTAGACCGGCACCGACATCTCGGTCAGCAGAAGAGGGTTTACCTCTGGTOX^AGTAGTCC 

TrpGlyAlaAspThrAlaAlaCysGlyAspIlelleAsiiGlyLeuProValSerAlaArg 
121 TGGGGGGCAGATACCGCCGCGTGCGGTGACATCATCMCGGCTTGCCTGTrTCCGCCCGC 
ACCCC C CG TCTATGGC GGCGCACG CCACTGTAGTAGTTGCCGAACG GACAAAGGCGGG CG 

ArgGlyArgGlulleteul^uGlyProAlaAspGlyMetVadSerl/ysGlyTrpArgLeu 
181 AGGGGCCGGGAGATACTGCTCGGGCCAGCCGATGGAATGGTCTCCAAGGGTIGGAGGT'IG 
TCCCCGGCCCTCraTX^CGAGCCCGGrc^ 

l^uAlaProIleThrAlaTyrAlaGlnGlnThrArgGlyLeuLeuGlyCysIlelleThr 
241 CTGGCGCCCATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCACC 
GACCGCCKSGTAGTGCCGCATGCGGGTCGTCTGTTCCCCGGAGGATCCCACGTATTAGTGG 

SerLeuThrGlyArgAspLysA3nGlnValGluGlyGluValGlnIleValSerxhrAla 
301 AGCC TAAC TGGCCG GGACAAAAACCAAG TG GAGGGTG AGGTCCAGATTGTGTCAACTGC T 
TCGGATTGACCGGCCCTGTTTTTGGTTCACCTCCCACTCCAGGTCTAACACAGTTGACGA 



AlaGlnThrPheLeuAlaThrCysIleAanGlyValCysTrp 
361 GCCCAAACCTTCCTGGCAACX3TGCATCMTGGGGTGTCCTGG 
CGGGT TTGGAAGGACCG TTGCACGTAGTTACCCCACACGACC 
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FIG. 23 Translation of DNA lib 

GlyGlyValvelLeuValGlyLe\j^tAlaLeuThrI^iiSerProTyrTyrLysArgTyr 
1 GGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTGACTCTGTCACCATATTACAAGCGCTAT 
CCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATAATGTTCGCGATA 

IleSerTrpC^sI^uTrpTrpteuGln^ 
6 1 ATCAGCTGGTGCTTGTGGTGGCTTCAGTATTTTCTGACCAGAGTGGAAGCGCAACTGCAC 
TAGTCGACCACGAACACCACCGAAGTCATAAAAGACTGGTCTCACCTTCGCGTTGACGTG 

ValTrpIleProProLeuAsnValArgGlyGlyArgAspAlaValllel^uLeuMetCys 
121 GTGTGG ATTC C CCCCCTCAACG TCCG AGGGGGGCGCGACGCCGTCATCTTAC TCATG TGT 
CACACCTAAGGGGGGGAGTTCCAGGCTCCCCCCGCGC^^ 

AlaValHieProThrLeuValPheAspIleThrLysI^euLeuLeuAlaValPheGlyPro 
181 GCTGTACAC C CG AC TCTGGTATTTG ACATC ACCAAATTGCTG CTGGCCGTCTTCGGACC C 
CGACATGTGGGCTGAGACCATAAACTGTAGTGGTTTAACGACGACC GGCAGAAGCCTG GG 

LeuTrpIlel^uGlnAlaSerLeuI^uLysValProTyrPheValArgValGlnGlyLeu 
24 1 CTTTGGATTCTTCAAGCCAGTTTGCTTAAAGTACCCTACTTTGTGCGCGTCCAAGGCCTT 
G AAACCTAAGAAGTTCGG TCAAACGAATTTCATGGGATG AAACACG CGCAGGTTCCGGAA 

LeuArgPheCysAla^uAlaArgLysMetlleGlyGlyHisTyrValGlnMetVallle 
301 CTCCGGTTCTGCGCGTTAGCGCGGAAGATGATCGGAGGCCATTACGTGCAAATGGTC^ 

GAGGCCAAGACGCGCAATCGCGCCTTCTACTAGCCTCCGGTAATGCACGTTTACCAGTAG 



IleLysLeuGlyAl aLeuThrGlyThrTyrVal^ 
361 ATTAAGTTAGGGGCGCTTACTGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGAC 
TAATTCAATCCCCGCGAATGACCGTGGATACAMTATTGGTAGAGTGAGGAGAAGCCCTG 

Overlap with If 

TrpAlaHisAsnGlyLeuArgAspLeuAlaValAlaValGluProValValPheSerGln 
4 21 TGGGCGCACAACGGCTTGCGAGATOTGGCCGTGGCTC 

ACCCGCGTGTTCCCGAACGCTCTAGACCGGCACCGACATCTCGGTCAGCAGAAGAGGGTT 



MetGluThrLysLeuIleTlirTrpGly 
481 ATGGAGACCAAGCTCATCACGTGGGGGGC 
TACCTCTGGTTCGAGTAGTGCACCCCCCG 
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FIG. 24 ^Translation of DMA 14 i 
GluTyrValValLeul^uPheLeuLe^ 
1 GGGAGTACGTCGTTCTCCtGI^^ 

CCCTCATGCAGCAAGMGACAAiGGAAG^^ 

KetMelieulAulleSerGli^aGluMaAlai^u^ 
6 1 GGATGATGCTACTCATATCCCAAGOGGAGGCGGC^^ 
CCTACTACGATGAGTAlAGGGTTCSCCTCCGQC^^ 

AlaSerLeuAiaGlyThrHlsGlyLeuValSerPhel^uYalPhePheCysPheAlaTrp 
1 2 i CAGCA!TCCC1X^CCGGGACGCACGGICTTOTATCCTTCCT^ 

GTOGTAGGGACC<5(XCCTCCGTGCCAGAACATAfiGAAGGAGCAC^^ 

TyrX*uLysGlyI,ysTrpValJ>rc^ 
181 GGTAWTGAAGGGTAAGTGGGTGCCCGGAGCGGOCT^ 

CCATAiU^CTTCCCATTCACCCACGGGCCTCGCCAGATGTGGAAGATGC^ 

i^ui^ul^uLeuLeuAlaLeuProGlnArgAla^^ 
241 TCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGTC^ 
AGGAGGACGAGGACAACrcCAACGGGGT^ 

Overlap with lib 

Ser<^sGlyGlyValVali*uValGlyLeuM^ 
301 CGTCGTGTGGCGGTCrTTGTTCTCGTCGGGTTGATG^ 

GCA^CACO^XACAACAAGAGCAGCCCAACTACCGC^ 

ArgTyrlleSexTrpCysI^eu'trpTrpLeuGln 
361 AGCGCTATATCAGCTGG TCCTTGtGGTGGCTTCAG AA 
TCGCGATATAGTCGACCAOGAACACCACCGAAGICTT 

FIG. 25 Translation of DMA 39c 

ProAlaProSerGlyCysProProAspSerA^pMaGluSeu^ryrSerSerMetProPro 
1 CCAGCCCCTTCTGGCTGCCCrc^ 

GGTCGGGt^AjGACCGACOSGGGGGCflGAGGCra 

I^uGluGlyGluPrcGlyAspProAspl^uSerAspGlySerTrpSerrhrValSerSex 
6 1 C'KkSAGGGGGAGCCTGGGGATCCGGATCTTAGCGACGGGTCATG^ 
GACCTCCCCCTCGGACCCCTAGGCCTAGAATCGCTGCCC 



— Overlap with 33g 



GluAlaAsnMaGluAspValValCysCysSeritetScxTyrSerTi^ 
121 GAGGCCAACGCGGAGGATGTCGTCTGCTGCTCAATGTCCTACTCl^ 
CTCCGGTTGCGCCTCCTACAGCACAOUrc 

ValThrProCysMaAlaGluGluGliiLyslAu^ 
180. GTCACCCCGTGCX3CC£(X3GAAGAACAGAAACTGCCCAICAA 
CAGTGGGGCACGCGGCGGCnTCTlX3TCTirrGAC« 



LeuArgHisHisAsnl^uValTyrSer^ 
241 CTACGTCACCACAATTTGGTGTATTCCACC ACCT^ CAGAAG 
GATGCAGTGGTGTTAAACCACATAAGGlX^TGGAGIGa^ 

LysValThrPhfiAspArgl^uGlnValLeuAspSerHisTyx^^ 
301 AAAGTCACATtTGACAGACTCCAAGTO^ 

TTTCMIGIAAACTGTCrcAOSTTCAAfiACC^ 

ValLy aAlaAl aAla SerLysValLy sAl aAsnPhe 
361 GTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTC 
CAATMCGTCGCOGCAGTTTrCACTTCCGATTGAAG 
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FIG. 26-I COMBINED CRT OF DMAS 
14i/llb/7f/7e/8h/33c/40b/37b/35/36/81/32/33b/25c/14c/8f/33f/33g/39c 



GluT7rValVaiI^uLeiiPheLeuLe\jlAuAiaJ^pAlaArgValCysS«rCysLeuT^ 
1 GGGAGTAOGTCGTTCTCCTGTTCCTTCTGCTTGCAGACGCGC 
CCCTCATGCAGCAAGAGGAOVAGGAAGACGAAC^ 

Me tMetLeuLeu I leSexGl nAl aGluAl aAl aLeuGluAsnLeuVal IleLeuAsnAla 
61 GGATGATGCIACTCATATCCCAAGCGGAGGCGGCTTTGGAGAACC^^ 
CCTACTACGATCAGTATAGGGTTCGCCTCCGCGGAAACCTCTT^ 

AlaSerLeuAlaGlyThrHisGlyl^uValSerPheLeUValPhePheCysPheAlaTrp 
121 C^GCATCCCTGGCCGGGACGCACGGTCTTCTATCCTTCCTOGTC 

GTCG TAGGGACCGGCCCTGOG TGCCAGAACATAGGAAGGAGCACAAG AAGACGAAACGTA 

TyrLeuLysGlyLysTrpValProGlyAlaValTyrT^ 
181 GGTATTTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCTT^ 
CCATAAACTTCCCATTCACCOVCGGGCCTCGCCAGATC 

I^uI^uI^uLeuLeuAlaLeuProGlnA^ 
24 1 TCCTCCTXXrCCTOTTGGCGTTGCCGCAGCGGGCG TACGCGCTGGACAOGGAGGTGGCCG 
AGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCX3CGACCTGTGCCTCCA 

SeiCysGl^lyvalValLeiiValGlyl^uMetM 
301 CGTCGTGTGaKXH^PGTTGTTCTCGTCGGGTT^ 

GCAGCACACMCCACAACAAGAGCAGCCCAACTACCGCGACT 

ArgTyrlleSertrpCyaLe^ 

TCGCGATATAGTCGACCACGAACACCACCGAAGTCATAAA^ 

LeuHisValTrp IleProProLeuAsnValArgGlyG lyArgAspAlaVal IleLeuLeu 
421 AACTGCACGTGTGGATTCCCCCCCTCAACGTCCGA^ 
TTGAOJTGCACACCTAAGGGGGGGAGTTGCAGGCT^ 

MetCysAlaValKisproThrl^uValPheAspI 

481 tcatgtg tgctgtacacccgactctggtatttgacatcaccaaattgctgct^^ 

agtacacacgacatgtgggctg agaccataaactgtag tggtttaacgacgaccggcaga 

GlyProIieuTrpllel^uGlnAlaSttlXiuI^ 
541 TCGGACCCCTTTGGATTCm^^ 

AGCCTGGGGAAACCTAAGAAGTTCGGTCAAACGAATT^ 

GlylieuLeuArgPheCysAlaLeuAlaAr^ 
601 aaggcctrcrccggttctgcgcgttagogcggaagatgatcggaggccatt^ 
ttccggaagaggccaagaoscgcaatcgcgccttctact^ 

ValllelleLysl^uGlyAlal^uThrGlyThrTyrVal^ 
661 IXKjTCATCATTAAGTTAGGGGCGCTTACTGGCACCTATCTT^ 
ACCAGTAGTAATTCJUVTCCC^ 

ArgAspTr pAl aHl s AsriGlyl^uArgAspI^uAla ValAlaValGluProValValPhe 
721 TTCXSGGACTGGGCGCACAACX^CTTGCGAGAT^ 

AAGCCCTGACCCGCGTGTTGCCGAACGCTCTAGAC^ 

SerGInMetGluThrLysLeuilerhrTrpGlyAl^ 
781 TCHTCCAAATGGAGACCAAGCTCAT^ 

AGAGGGTTTACCTCTGGTTCGAGTAGTGCACCCCCCGTC 

IleAsiiGl7l>euProValSerAlaArgArgGlyArgGluIlcsLeuLeuGlyProAlaAsp 
841 TCATCAACGGCTTGCCTGTrTCCGCCCGCAGGGGCC^ 
AGTAGTTGCCGMCC^ACAAAGGCGGGCGTCCCC^ 

GlyMetValSerLysGlyTrpArgLeuLeuMaProIleT^ 
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901 ATGGAATX&TCiroMG^ 

TACCTTACCAGAGGrTCCCCACCTO^^ 

furgGlyLeuLeuGlyCyalleneTh^ 
961 CAAGGGCCCICC^GGGTGCATAATCA^ 
GTTCCCQSGAGGATCCCACGTATTAGT^ 

GlyGluValGlalleValSerf^ 
1021 AGGCTGAGGTCCAGArTCTCHCAACT^ 

TCCGACTCCAGGTCTAACACAGTTGACGACGGGT^ 

ValCysTrpThrValTyrHisGlyAlaGlyTtoA^^ 
1081 GOSTGTGCTGGACTGTCTACC^^ 

CCCACACGACCTGACAG»TCG3«CCCCG^ 

Val IleGIi^tTyxThr AsnValAspG 
1141 CTC30TCC*GAltnyiTACC^ 

GACAGTAGGTCTACATATGGTTACATCT0GTXC3^ 

SarArgSerl^uThrProCyaTh^ 

CATCGGOGAGTAACTGTGGGAC^^ 

1261 ACGCOGJCTC^ 

ProIleSerTyrl^uLysGlySerSerGlyGlyProI/suL^ 
1321 OGCCCATTtCCTACTTGAAftGGCTGCTCGGGGGGl)C^ 
CCGGGTAAAGGATGAACTTTCCGASGATC^ 

ValGlyllePheJ^AlaMaYalCysthra^ 
1381 CCGTGGGCATATTTAGGGCXGCGGTGT^ 

GGCACXICXSTATAAATCCCGGCGCCACACGTGGGC^ 

ProValGluAsnLeuGluThrtb^ 
1441 ICCCTgTOCAfiAMCTftGJ^^ 
AGGGACACCTCTTGGATC^ 

ProValValProGlnSerPheGlnvalAlaHisi^^ 
1501 CACCM^^ 

SerThrLysValProAlaAlaTyrAlaAlaGlnGl^ 
1561 AAAGCACCAAGGTCCCGGCTGCAIM^^ 
TTTCGTGGTTCCAGGGO^ACGTATACG 

SexValUaAlaThrtAuGlyPheGly^^ 
1621 aZKHSTTGOXWUtC^^ 

cx;agacmcgacgttgigacccgaa^ 

AsnlleArgThrGlyValArgThrlleThrThiG 
1681 CTAACATCAGGACCGGGGTGWSA^ 
<&TTGTAG?QCTGGCCCC*CTCT^ 

GlyLysPheLeuAlaAspGlyGlyCysS^lyCl^^ 
1741 kGGGCAAGTTCCTTGOO&&CGiGQSGGTGCtt 
TGCCGTTOU\GGAACGGCTGCCGCC^^ 

GluCyaHj^erThrAflpAlaihrSerlleleuGl^ 

1801 ACGAGTGCCACTCCACGGATGCCACATCCATCT1X3GG 
TGCTCACGGTGAGGTGCCTACGGTGTAGGTAGAAC^ 

GluThrAlaGlyAlaArglieuYalValIieuAl*Thr^ 
1861 CAGAGACTGCGGGGGQGAGACTGGTTGTGCTOGCCAC^ 
GTCTlCTtyiCGCCCCCGCTCrGACC^ 

FIG. 26-2 
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ValProHisProAsnlleGliKSluValAlal^uSerThrThrGlyGluIleProPheTyr 
1921 CTGTGCCCCAttCAACATGZ^ 
GAGACGGGGTAGGGTTGTAGCTC^ 

GlyLysAlaUePrcO^uGluValll^ysGlyGlyArgHisLeunePheCysHisSer 
1981 ACGGCAAGGCIMCCCCCTCGAAGTAATCAAG^^ 
TGCCGTTCCGATAGGGGGAGCTTCATTAGTTCC^ 

LysLysLysCyaAspGluLeuAlaAlaLysLeuValAlaLeuGlyl^ 

G TTTCT TCTTCACGCTGCTIGAGCGGOGIOTCGAC^ 

T^rTyrAi^lyLeuAspValSerVallleP 
2101 CCTACTACOX3g<n?CTTCAa^ 

G<^TGATGGCG<XAGJJCTGCACAfiGC^ 

ThrAepAlaLewHatThrGlyTyrTh^ 
2161 CAACCGAIXXXXTCAIX^CCGGCTATACCGGCG^^ 
GTTGGCTACGGGAGTACTGGCCGASATG^ 

Cy^alThrClnThrValAspPheSerLeuAflpProTta 
2221 CGTCTGTCACCCAOACAGTCGATTTCAGCC^ 

LeuProGlJiAflpAlaValSerA^ThrGlnArgAr^ 
2281 CGCTCCCCCABGATGCTGTCTC^^ 

GOGAGGGGGTCCTACGACAGAGGGOGTGAGTTGCAGCCCOT 

GlylleTyrAxgPheValMaPz^lyGluA^^ 
2341 CAGGCATCTACAGATTTGXGGCAOCGGGGGAGCGCCCCICO^ 
GTCCGTAGATGTCTAAACACCGTGGCCCC£ 

LeuCy bG luCy 8 Tyr AspAl aGlyCy aAl aTrpTyx<31uLeuThrProAl aGluThrThr 
2401 TCCTCTCTOftGTGCTATCACGO^G^ 

AGGAGACACTCACGATACTGCGTCCGACAC^ 

ValArgLeuArgMaTyrttetAimThr^^ 
2461 CAGTTAGGCTACXJAfiCGTACATGAACACCCOGGGGCTTCCCC TGTGCCAGGACCATCTTG 
GTCAA'KXGATGCTCGCATGTACTO^^ 

PheTrpGluGlyValPheThrGlylxiuThxHi^^ 
2521 AAWTTGGGAGGGCGTCTmCAGGCCTCACTa 

TTAAAACCCTOCCG CAGAAATGTCCGGAGTGAGTATATCTACGGGTGAAAGATAGG3TCT 

ty^lnSerGlyGluAsnLeuProTyr^ 
2581 CAAAGCAGAGTGGGGAGMCCTTCCTIAC^ 

GTl^TCTCACOCCTCTTGGAAGGAATGGACCAK^ 

MaGlnAlaProProProSerTrpAspGlnHe^^ 
2641 GGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATG7GGAAGTGTTTGA 
CCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCrrCACAAA 

ThrLeuHisGlyProThrProleuLeu^ 
2701 CCACCCTCCAJTGGGCCAACACCCCTC^ 

GG1GGGAGGTACCCGGTTGTGGGGACGATATGJCTGACCCGCGACAA 

LeuThrHisProValThrliysTyrlleH^^^ 
2761 CCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGTO 
GGGACTGCGTGGGTCAGTGGTTTATGTAGTACTCtACGTACAG^ 

ThrSerThrTrpVall^uValGlyGiyVal^ 
2821 TCACGAGCACCK»GTGCTCGTTGGCGG<» 

AGTCCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACXSAAAO 

ThrGlyCysvalVallleValGlyArgValValiieuSerGlyLysProAlallellePro 

FIG. 26-3 
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2881 CPACAGGCTGCFX&imTM 

GTTGTCCGAC£CACCAGTATCACCCGTCCCAGC^ 

AapArgGluValLeuTyrArgGluPheAspGlu^ 
2941 CTGACAGGGAACTCCTCTACOGAC^T^ 

GACTGTCCCTTCAGGAGATGGCTOTCAAGCTACTC^ 

l^rlleGluGlnGlyMetMetlAuA^ 
3001 CGTACA3X32AGCAAGGGAIGATCC^^ 

GCATGTAGCTOjTTCCCTACTACGAGCGGCTCC 

GlnThrAlaSerArgClnAlaGluValllc^ 
3061 TOCAGATOGCGTXXOn^ 

ACGTCTGGCGCAGGGCAGTCCGTCTCCMTA(XG 

X^uGluThrPheTrpAlaLysHisMetTrpAsnPhell 
3121 AACTCGASACCTTCreG^^ 

TTGAGCTCTGGAAGACCCGCTTOGTATACACCTTGAAGTA 

Gly LeuS€LrThrLeu?roGlyA3 n FroAl a I l*Al aSer LeuHctAla PhfcThr AlaAla 
3181 CGGGCTtGTO&CGCtt 

ValThrS^ProLeuThrThrSerGlnTl^^ 
3241 CXGTCACCAGCCCACTAACCACTAGCCAAA^ 
GACAGTGGTCGGGIGATTGGIGATCX^TTTGGG^ 

AlaAlaGlnl^uAlaAlaProGlyAlaAlaThrAlaPheV^ 

3301 TGGC3GCCCAGCTCGCXXKXXCCGGTGCCGC 

ACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGAjCGGAAA^ 

AlaAlalleGlySerValGlyLeuGlyLyi^ 
3361 GCGCCECCATCGGCAGTGTTGGACTGG^ 

OGCGGCGGTAGCCG TCACAACCTGACCOCTTCCAGGAG IATCTG TAGGAAOG TCCCATAC 

AlaGiyValAlaGLyAlaLeuValAlaPheLysIleM^ 
3421 GCGOGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCA!PGAG 
CGC^aXACCGCCCTCGAGAAO^CCCT 

GluAspLauValABnl^iLeuProAlalleLeuSerProGlyAlaLeuvaivalGlyVal 
34 81 OGGAGGACClXXnCAATCTACTGCCCGCCAtCCTCT^ 
GCCTCCTOSACCAGTTAGASGAC^^ 

3541 TGGTC^TGCAG^ 

ACCAGACADGTCGTTATGACGCGGCOGIGCAACO^ 

AsaArgTituneAlaPheAlaSerArgGlyAaziHi^alScrProthrHi 
3601 TGAACCGGCTCATAGCCTTCGCCTCC^^ 

ACITGGCCGACTATCGGAAGOGGAGGGCCCCC^ 

GluSerAspAlaMaJaaArgValThrAlall^userSerl^uThrVal 
3661 CGCAGAGCGATGCAGCTGCCCGCGTCACIGC^ 

GCCTCTCGCTACGTCGACGGGCGCAGTGACGGTATGAGTOGTC^ 

I*uArgArtfl>*uHisGlnTrpIleSerSerG^ 
3721 TCCKSAGGCGACTGCACCAG1GGATAAGCTQGGAGTOT 
AGGACTCXGCTGACGTGGTCACC^^ 

I^uArgAspUelYpAflpTrpneCyaGluValljeuS^ 
3781 GGCTAAGGGACATCTGGGACTGGATATGCGAGC^^ 

AlaLysI^uHetProGlnLauPix^lylleProPheValSerC^ 
3841 AAGCTAAGCTCATGCCACAGCTGCCTGGGATCCOCTI^ 
TTCGATTCGAGTACGGTGTCGACC&AOCCTAGGGGA 

FIG. 26-4 
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GlyValTrpArgValJU^lyUetetHis^ 
3901 AGGGC^TCTGGCGAGTCK^CGGCATCATGCAC^ 

GlyHJ^ValLyaAaiiGlyThrMfctArg^^ 
3961 CTCGACATGTCAAAAACGGGACGA^Aj^ 

GACCTGXACAGTTTTTGCCCTGCTACTCCtAGCASGCAGGA 

SexGlyThrPheProIleAsnAlaTyxThrThrGlyPro^ 
4021 GGAGTGGGACCTTCCCCATTAMGGCXACACCAGCX^ 

j^nTyrfhrPbeJUalAuTr^^ 
4081 OC^CTACACGTTCGOGCTATGGAGGGTGTC^ 

GlyAspPteHisTyxValThrGlyHe^^ 
4141 xGGGGGACTTCCWnaOGTGAaSG^ 

ACCCCCTGAAGGTGAICCACTCCCCATACT^ 

ProSerProGluPhft*heThi<»uI*u^ 

4201 TOX»T0GCCCX^TTTTTC^^ 

AGGGTAGCGGGCTTAAAAAGTGTCTTAACCTGCCCCACGCGGATGT 

CyaLysProI^uLouAi^luGluVa^ 
4251 CCTGCAAGCCCTTG<nXX«GGA^ 

GGAKTTCGGGAACGAOGCCCTCCT^ 

GlySerGlnLeuProCysGluProGluProAspValAlaValLeuThrt 
4321 T AGGGTCGCAATTACCTTGOGAGOCOGAACOCjGACGTGGCOG TGOTGACGTCCATGCTCA 
ATCCCAGOGTTAATGGAAGGCTCGGGCTTGGCCTGCACWGCACA^^ 

AjBpProScarHisncflli^^ 
4381 CTCATCCCTCCCATAIAACXGC^^ 

GACTAGGGAGGGTATATTCTOGTCTCOGCXIGGCCCGC^ 

SeiValMaSerSerSerAlaSexGlnlAuSerAla^ 

GGAGACACCGGTCGAGGAGCCGAICGGTCGATA^ 

jUaAsoHisAspSerProAspAlaGluLeu^^ 
4501 CCGCTAACCATGACltXCCTGATCCTG^ 
GGCGATTGGTJUCTGAGGGGACTAOy^ 

MetGlyGlyAsnlleThrAr^alGluSerGlute^ 
4561 ; ^ TCGG0GGCA ^ 

AspProLeuValAlaGluGluAspGluArgGluIleSei^alProAl^ 
4621 TCGATCCGCTTGTCGCGGAGGAjGGACGAGCGG 
AGCTABGCGJUU^CCGCCTOCri^ 

LyaS«Ar*Ar*PheJaaGlnAlaLeuPro^^ 
4681 GGAAGTCTCGGAGATTCGCCCAGGCCCTGCCOGTTTGGGCGCGGCCG^ 
CCTTCAGAGCCTCTAAGCGGGTCCGGGACGGGC^^ 

IieuValGluThr^rpLyeLysPrcAflpTyrGluProProValValHlaGlYCy 
4741 CGCTAGIXayuGACGTGGAAAAAGCCCGACT 

GCGATCACCTCTGCACCTTTTTCGGGCTGAT^ 

ProPTOProLysSerProProValProProProAi^LysLyaArgThtValVall^^ 
4801 TTCCACCTCOUU^TCCCCTCCTGTGCCTC 

AAGGTGGAGGTITCAGGGGAGGACACGGAGGOGGAGOCTTCTTO^ 

Gl uS erThrtjeuSexThr Al aLeuAl aG lulcuAlaThrArgScr PheGl ySerSerSer 

FIG. 26-5 
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4361 CTGAATCAACCCTATCTACTGCCTTGGCC^^ 
GACTTAGTTG<X^TAGATGACGGAAC^^ 

ThrSerGlylleThrGlyAspAmlhr^^ 
4921 OUVCTTCaSGCATTACGGGCGA 

GTTGAAGGCGGTAATGCCCGCTGTTATGCTGTTC^ 

ProprcAspSerAspAlaGluSerTyrS^ 
4981 GCCCCCCCGJUHXXravCGCTGWTC 

CGGGGGGGCTGAGGCTGCGACTCA^ 

A^pPratepLeuSextepGlySexT^ 
5041 GGGATCCGGATCTTOGCGAO^ 

CCCTAGGCCTAGAATCGCTGCCCAGTACCAGT^^ 

ValValCysCysSei^tSer^SerTrpThrGlyAlaLeuValThrP 
5101 ATGTCGTGTGCTGCTO^TGTCra^^ 
TACAGCACAGWCGAGTTACJtfSMTG^ 

GluGluGlnI*ysLeuPxoIleAsi^aLeuSe^^ 
5161 CGGAAGAACAGAMCTGCCCAT^ 

Vall*rSerfhrThrSer^ 
5221 TCGTGTATTCCACCACCl^^ 
ACCJUMIUUGGTCGTGGAGTCC^ 

l^GlnVall-euAspSerHisTyrGli^ 
5281 GACTGCAAGTTCTCGACAGCCATTACCAGGAC^ 
CTGACGTTCAAGACCTGTCGGTAA^ 

LysVaLLysAlaAsnLeu 
5341 CAAMGTGAAGGCTAACTTG 
GTTTTCACTTCOGATTGAAC 



FIG. 26-6 
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FIG. 27 Translation of DNA 12f 

IlePheLysIleAz^MetTyrValGlyGlyValGluHiaArgLeiiGluAlaAlaCysAsn 

1 CCATATTTAAAATCAGGATCTAOS^^ 

GGTATAAATTTTAGTCCTACATGCACCCTCCO^ 

TzpThrArgGlyGluArgCysAsp^^ 
61 ACTGGACGCGGGGCGAACGTTG CGATCTGGAAGACAGGGACAGGTCCGAGCTCAGCCCGT 
TGACCTGCGCCCCGCTTGCAACGCTAGACCTTCTCTCCCT^ 

LeuI^uThrTtoThrGlnTrpGlnVall^uProCysSerPheThrThrLeuProM 
121 TACTCCTGACCACTACACAGTGGCAGGTCCTCCCGTCTTCCTTC^ 

ATG ACG AC TGGTGATGTGTCAC CG TCCAGG AGGGCACAAGGAAGTG TTGGGATGGTCGGA 

SerThrClyLeuIleHisLeuHisGlnAsnlleValAspValGlnTyrLeuTyrGl^ 
181 TGTCCACCXXXICTCATCCACCTCCACCAGAACATTC 

ACAGGIGGCCGGAGTAGGTGGAGGTGGTCTTGTAACACCTGCACG 



GlySerSer I leAlaSerTrpAla HeLysTrpGluTyrValValLeuLeuPheLeuLeu 
24 1 TGGGGTCMGCATCGCGTCCTGGGCCATTAAGTGGGAGTACGTCG 

ACCCCAGTTCGTAGCGCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAG 



LeuAlaAspAlaArgValCysSerCysLeuTrpMetJtetXeuIieuIleSerGlnAlaGlu 
301 TGCTTGC AGACGCGCGCGTCTG CTCCTGCTTGTGGATG ATGCTACTCATATCCCAAGCGG 
ACGAACGTCTGCGCGCGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCC 

Overlap with 14 i 

AlaAl aI>euGluAsnl>euvalIlelieuAsnAlaAlaS€rIjeuAl aGlyThrHisGlyLeu 
361 AGGCGGCTTTGGAGAACCTCGTAATACTTAATCCAGCATCCCTGGCCGGGACGCACGGTC 
TCCGCCGAAACCTCTTGGAGCATTATGAATTACGTCGTA^ 



Val 

421 TTGTATC 
AACATAG 
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FIG. 28 Translation of DNA 35 f 

Overlap with 39c 

I^uLysGluValLysAlaAlaMaSexLysValLysAlaAsnLeuIjeuSexValGluGlu 
1 TGCTCAAGGAGGTOAAAGCRGCGGCGTCAAAAGTGAAGGOT 
ACGAGTTCCTCCAATTTOTTOGCCGCAGTTTTCACTTCOGAM 

AlaCysSerLeuThrProProHisSerAla^ 
61 AAGCTTGCAGCCTGACGCCCCC ACACTCAG CCAAATCCAAGTTTGGTTATGGGGCAAAAG 
TTCGAACGTCGGACTCCGGGGGTGTGAGTCGGTTTAG^ 

ValArgCysHisAlaArgLysAlaValThrHisIleAsnSexValTrpLysAspLeuLeu 
121 ACGTCCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTC 

TGCAGG C AACGGTACGGTCTTTCCGGCATTGGGTG t agttg aggcagacctttctcgaag 

GluAspAsnValThrProIleAspThrThrlleMetAlaLysAsnGluValPheCysval 
181 TGG AAG ACAATGT AAC ACCAAT AGACACTACCATCATGGCTAAGAACGAGG TTTTCTGCG 
ACCTTCTGTTACATTGTGGTTATCTC 

GlnPrcCluLysGlyGlyArgLysProAlaArgLeuIleValPheProAspLeuGlyVal 
241 TTCAGCCTGAGAAGGGGGGTCGTMGCCAGCTCGTCTCATCGTGTT 

AAGTCGGACTCTTCCCCCCAGCATTCGGTCGAGCAGAGTAGCACAAGGGGCTAGACCCGC 

ArgValCysGluLysMetMaLeuTyrAspValValThrLysLeuProLeuAlaValMet 
301 TGCGCGTGTGCGAAAAGATGGCTTTGTACGACGTGGTTA^ 
ACGCGCACACGCTTTTCTACCGAAACATGCTG^ 

GlySerSerTyrGlyPheGlnTyrSerProGlyGlnArgValGluPheLeuValGlnAla 
361 TGGGAAGCTCCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCT 

ACCCTTCGAGGATGCCTAAGGTTATGAGTGGTCCTGTCGCCCAACTTAAGGAGCACGTTC 

TrpLysSerLysLysThrProMetGlyPheSerTyrAspThrArgC^sPheAspSerThr 
* 21 CGTGGAAGTCCAAG AAAACCCCAATGGGGTTCTOGTATG ATACCCG OTGCTTTGACTCCA 
GCACCTTCAGGTTCTTTTGGGGTTACCCCAAGA^ 

ValThrGluSerAspIleArgThrGluGluAla 
481 CAGTCACTGAGAGCGACATCCGTACGGAGGAGGCA 
GTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGT 
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FIG, 29 Translation of DNA 19g 



GluPheLeuValGlnAlaTrpLysSerLysLysThrProMetGlyPheSexTyrAspThr 
1 GAATTCCTCGTGCAAGCGIWAAGTCCAAGAAAA^ 

CTTAAGG AG CACGT TCGCACCTTCAGG TTC TTTTGGGG TTACCCCAAGAGCATACTATGG 

Overlap with 35f 

ArgCysPheAspSejrThrVairhrGluSerAspIleArgThxGluGluAlalleTyrGln 
6 1 CGCTGCTTTGACTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCTACCAA 
GCGACGAAACTGAGGTGTCAGTGACTCTCGCTGTAGGCATGCCTCCTCX^ 

Cy3CysAspLeuAspProGlnAlaArgValAlaIleLysSerLeuThrGl\ArgLeuTyr 
121 TGTTGTGACCTCGACCCCCAAGCCCGCGTCGCCATCAAGrCCCTCACCGAGAGGCTTTAT 
ACAACACrcGAGCTGGGGGTTCGGGCGCACCGGTAGTTCAGGGAGTGGCTCTCCG 

ValGlyGlyProLeuThrAsnSerArgGlyGluAsnCysGlyTyrArgArgCysArgAla 
181 GTTGGGGGCCCTCTTACCAATTCAAGGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGCG 
CAACCCCCGGGAGAATGGTTAAGTTCCCCCCTCTTGACGCCGATAGCGTCCACGGCGCGC 

SerGlyValLeuThrThrSerCysGlyAsnThrLeuThrCysTyrlleLysAlaArgAla 
24 1 AGCGGCGTACTGACAACTAGCTGTGGTAACACCCTCACTTGCTACATCAAGGCCCGGGCA 
TCGCCGCATGACTGTTGATCG ACACCATTG TGGG&G 3GAACGATGTAG TTCCGGGCCCGT 

AlaCysArgAlaAlaGlyLeuGlnAspCysThrMetLeuValCysGlyAspAspLeuVal 
301 GCCTGTCGAGCCGCAGGGCTCCAGGACTGCACCATGCT 

CGGACAGCTCGGCGTCCCGAGGTCCTGACGTGGTACGAGCACACACCGCTGCTGAATCAG 

Val IleCysGluSerAl aGly ValGlnGluAspAlaAla 
361 GTTATCTGTGAAAGCGCGGGGGTCCAGGAGGACGCGGCGAG 
CAATAGACACTTTCGCGCCCCCAGGTCCTCCTGCGCCGCTC 
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FIG. 30 Tran lation of DNA 2€g 



GlyClyGluAsnCysGlyTyrArgArgCysAi^AlaSerGlyVall^uThrThrSerCys 
1 GGGGGGGAGAACra<XGCTATCGCASGTC^^ 

CCCCCCCTCTTGACGCCG ATAG CGTCCACGGCGCGTTCG CCGCATX5ACTGTTGATCGACA 



GlyAsnThrlxiuThrCysTyrlleLysAlaArgAlaA^ 
61 GG TAACACCCTCACTTGTTACATCAAGGCCCGAGCft 
CCATTGTGGGAGTGAACAATGTAGTTCCGGGCITC^ 

Overlap with I9q 

AspCy sThrMett>euValCysGlyAspAspLeuValVal 1 leCysGluSerAlaGlyVal 
1 21 GACTGCACCATGCTCGTGTGTGGCGACGACT^^ 

CTGACGlX^ACGAGCACACACaSCTGCTGAATCAGCAATA^ 



GlnG luAs pAlaAl aSerLeuArgAl aPheThiGluAl aMetThr ArgTyrS er AlaPro 
181 CAGGAGG ACGCGGCGAGCCTG AGAGCCTTCACGGAGGC T ATGACCAGG TACTCCGCCCCC 
GTCCTCCTGCGCCGCTCGGACTC^^ 

ProGlyA^pProProGlnProGluTyrAspLeuGluLeuIleThrSerCysSerSerAsn 
241 CCTGGGGACCCCCCACAACCAGMTACGACT1GGAGCTCATMCATCATGCTCC TCCAAC 
GG ACCCCTGGGGGG TGTOX^TCTTATGCTG AACCTCG AGT ATTGTAGTACG AGG AGGTTG 

ValSerValAlaHisAspGlyAlaGlyLyaArgValTyrTyrLeuThrArgAspProThr 
301 G TGTCAGTCGCCCACGACGGCGCTGGAAAG AGGGTCT ACTACCTCACC^ 
CACAGTCAGCGGGTCCTCCCGCGACCT^ 

ThrProLeuAlaArgAlaAlaTrpGluThrAlaArgHisThrProValAsnSerTrpIieu 
361 ACCCCCClCG CG AG AGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTA 
TGGGGGGAGCGC1CTCGACGCACCCTC2GTCGTTCT 

GlyAsnllelleMetPheAlaProThrLeuTrpAla 
421 GGCAACATAATCATGTTTGCCCCCACACTGTGGGCG 
CCGTTGTATTAGTACAAACGGGGGTGTGACACCCGC 



FIG. 31 Translation of DMA 15c 



GlyAlaGlyLysAr^alTyrTyrl^uThrArgAsp 
1 CGGCGCTGGAAAGAGGGTCTACTACCTCACCXX3TGACCCT 
GCCGCGACCTTTCTCCCAGATGATGGAGTGGGCACTGGGATC 

Overlap with 26g 

AlaTx^GluThrAlaArgHisThrPro^^ 
61 TGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTG^ 

ACGC AC CCTCTGTCG TTCTG TG TC AG G TCAG TT AAGG ACCGATCCG TTGTATTAGTACAA 



AlaProThrLeuTrpAlaJUrgMetlleLeuMetThrHisPhePheSerValLeuIleAla 
121 TGCCCCCACACTGTGGGCGAGGATGATACTGATGACXCATTTCTTTAGCGTCCTTATAGC 
ACGGGGGTGTGACACC0GCTCCTACTA1GACTACTGGGTAAAGAAATCGCAGGAATATCG 

ArgAspGlnljeuGluGlnAlaLeaAspCysGlulleTyrGlyAlaCysTyrSerlleGlu 
181 CAGGGACCAGCTTGAACAGGCCCTCGATTGCGAGATCTACGGGGCCTGCTACTCCATAGA 
GTCCCTGGTCGAACTTGTCCGGGAGCT/^CGCTCTAGATGCCCCGGACGATGAGGTATCT 

ProLeuAspLeuproProIlelleGlnArgLeu 
241 ACCACTTGATCTACC TCCAATC ATTCAAAGACTC 
TGGTGAACTAG ATG G AGGTTAG TAAG TTTC7G AG 
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FIG. 32^ I COMBINED ORP OP DNAs 12f through 15e 




61 ACTGGACGCGGBGC6AflOiTiw^^ 

TGACCTGCGCCCttSCTTCCAACCXITAGACCTTCTGTrc 

ATCACGACTGGIGATGlGTCflCOGTCCftGGAGGGCACARGGAAGTGlTGGGATCGTOGGA 
SerThrGlvI^uIleHislAuHlsGlnAfinlleValAspValGlnTTr^Tyrtl^Val 



301 



361 



J^^CGKTGCGCGOGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGITCGCC 

M^al^uGluAsnl^uValll^uAsnAlaAlaSerl^uAla^^^Hi^lyXeu 
AGGCGGCTTTCGAGMCCTCGTAATACTTMTGCAGGATCCCT^^ 
TCCGCCGAAACCTCTTGGAGCATOVTGAATTAOGTCGTAGG6ACCGGC0CTG0GTGCCAG 

ValSerPheteuValPhePheCysPheAlaTrpTyrl^y^^ 
421 TTGTATCCTTCCTCGTGTTCTTCTGCTTTGCATMTATTTGAAGGGTA^ 

481 G AGCGG TCTA^CCTTCTACXKGATGTGGCCTCICCTCCTKT^TCTTCGtt^ TGCCCC 
CTCGCCAGATG TGGAAGATGCC CTACJ\CC£G AGAGG AGGACG AGG ACAACCGCAACGGGG 

AraAlaTyrAlal^uAspThrGluValAlaAlaSerCysGlyGlyValVall^uValGly 

LeuMetMal^uThrl^iiSerProT^^ 
GGraGMGGCGCTGACTCTGTCAGCATA!^ 

CCAACTA^^^ACTCAG ACAG TGGTATAATGTTCGCG ATATAGTCGACCACGAACACCA 
I^uGlnTyrPheLeuThrAr^^^ 

ValAraGlvGlvAr^pAlaVallleLeuLeuMetCysAlaValHlfiProThrLeuVal 
721 ACGTCCGAGX3GGGG0GCGACGCOGTCATCTTACTCATGTGTGCTGTACAOC0GACTCTGG 
TGCAGGCTCCCCOCGCGCTGCG^ 

Ph^sDlleThrLyal^uLeuLeuAlaValPheGlyProIieuTrpIlel^i^lnAlaSex 

■781 TATTTCA^TOVCCAAA^ 

ATAAACTCTAGTGGTCTAAOGAOGACCGGC^ 

LeuLeuLvsVal ProT^rPheVal ArgValGlnGlyL^^^ 
841 GTTTGCTTAAAGTACCCTACTTTffEGGGCGTCCAAGGCCTTCTCCM 

CAAACGAATTK2ATGGGATGAAACACGCGCAGGTTCCCGAAGAGGCCAA^ 

ArgLystetlleGlyGlyHisTyrValGli^tVall^Il^ys^lyA^^Thr 

901 CG03GAAGAT<^TCGGAGGCCATTACGTGCAM 

G CG CCTTCT ACTAG CCTCCGGTAATGCACGTTTACCAGTAGT aattcaatccccgcgaat 



601 
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GlyThrTyrValTyrAanHi aLeuThrProLeuArgAjspTrpAl aHisAanGlyLeuArg 
961 CTCX^CCTATGTTOMAAO^ 

GACCCTt^TACAAATATTGGTAGAGTCAGGAGAA^ 

AspX/euAlaValAlaVdlGluProValValPheSerGlnKetGluWirLysLeuIleThr 
1021 GAGATCTGGCOGTGGCTGTAGAGCCAGTCGTCT^^ 
CTCTMauXEGCKCGACATC^ 

TrpGlyAlaAspThrAlaAlaCysGlyAspIlelLeAsriGlyLeuProValSerAlaArq 
1081 CfiTGGGGGGCAGATWXXKXS^TGC^TGACATtt 
GCACCXCCCGTCTATQSCGGCGCAO^X^CTGTAGT 

ArgG lyArgGlu I leLeuLeuGly ProAlaAspGlyHetValSerlsysG lyTrpArgLeu 
1141 GCAGGGGCCGGGAGATACIGCTCGGGCCAGCCGA^ 
CGTCCCCGGCCCTCTATGACGAGCCCGGTCGGCT^ 

I^uAlaProlleThrAlaTyrAlaGlnGlnThrArgGlyLeuIieuGlyCysIlelle^ 

1201 tgctggcgcccatcacggcgtacggccag^ 

acgaccgcgggtagtgccgcatxxxsggtcgtctgt^ 

Serl^uThrGlyArgAspLysAsnGlnValGluGlyGluValGlDlleValSerThrAla 
1261 CCAGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGG TGAGGTCCAG ATTGTGTCAACTG 

ggtcggattgaccggccctgtttttggttcacc^^ 

AlaGlaI?irPheU2uAlaThrCyslleAsn<;iyValCysTrpThrVal 
1321 CTGCCCAAACCTTCC3X5GCAACG 7GCATCAAH&GGZGTGCTCGAC2GTCTACCACGGGG 
GAO^TTTGGAAGGACCGTTGCACXTAGTTACCCX^ 

GlyThrArgThrlleAiaSerProLysGlyProVallleGlnMetTyrirhrAsnValJlsp 

13 81 CCGGAACGAGGACCATCGCGTCACCCAAGGGTCCTCI^ 

GGCCTTGCTCCTGGTAGCGCAGTGGG^ 

Gli^spI^uValGlyTrpProAlaPrx^lnGlySerArgSerlieuThrProCysThrCyB 

14 4 1 accaagaccttgtgggctggccx:gctccgcaaggtag^^ 

TGGTTC TGG AACACCCGACCGGGCGAGGCGTTCCATCGGCG^ 

GlySerSerAspLeuTyrLeuvalThrArgHisAlaAspVallleProValArgArgArg 
1501 GCGGCTCCTCGGACCTTTACCTGG1CACGAGGCACGOCGATGICATTCCCGTGCGCCGGC 
CGCCG AGG AGCCTGGAAATGGACCAGTGCTCCGTGCGG CTACAGTAAGGGCACGCGGCCG 

GlyAspSerArgGlySerlAuLeuSerProAi^ProIleSeraYrljeuLysGlySerS^ 

1561 ggggtgatagcaggggcagccrcctctcgccccggcccat^ 
ccccactatcgtccccgtcggacgac^gcxg^ 

GlyGlyProI^ul^uCysPMAIaGlyHis^^ 

1621 osgggggtccgctgttgtcccccgcggggcacgccgtgggcatatt^ 

GCTCCXCAGGO^CMCACGGWCGCC^ 

ThrArgGlyValAlaLysAlaValAspPHeZleProvalGl^ 
1661 GCACCCGiraAGTraCTAAGGOSGTX^^ 
CGTX»GOVCCTCAC(^TTC^ 

ArgSerProValPheThrAspAsnSerSerProProValValProGloSerPhoGlnVal 
1741 TCAGGTCCCCGGTGTrcACGGATAACTCCTCTCXACCAGTAG 
ACTCCAGGGGCCACAAGTGCCTATTGAGGAG^ 

AlaHisLeuHlsAlaProThxGlySerGlyLysSexThrLysVdlProAlaAlaTyrAla 
1801 TGGCTCACCTCCATGCTCXCACAGGCAGCG^ 

ACGGAGTGGAGGT&CGAGGGTGTCCGTCGCCGTTITC^ 

AlaG^oGlyTyrLysvalLeuValLeuAsnProSerValAlaMaThrLeuGlyPheGly 
1861 CAGCTCAGGGCTATAAGGTGCTAGTACTCAACCOCTCTC 

GTCGAG TCCCGATATTCXIACGATCATGAGTTGGGG AGACAACGACG TTGTGACCCGAAAC 

AlaTyrMetSerLysAlaHisGlylleAspProA^^ 

FIG. 32-2 
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1921 GTGCTIAC^ICTCCAAGGCTCATGGGATCGA^ 
CAa^TGTACAGGTTCCXSACn^ 

ThrrhrGlySerProlleThrT^ 

1981 TTACCACTGGCAGCCCCAIIX^CGTACTCCACCT 
AATGGTGACOQIOGGGGTAGIXjCATGAGG^ 

SeiGlyGlyAlaTyrAspIlellesieCysAspGlutysH^ 
2041 GCTOSGGGCXMKOTATGACATAMM 
(X3AGCCCmXX3GAA3!ACl^ 

IleLeuGlylleGlyThrValLeuAs^ 
2101 CCATCTTOGGCATCGGCACTGTCCTTGi«^^ 
GGTAGWVCCOGTftGCCSTC^^ 

LeuAlaThrMailirProPrc^lyServalThtValProHisProAsnlleGluGluVai 
2161 IX^TCGCCAOOGCCACOICTOCGGGCTOT 

Alal^uSerThrThrGlyGluIleProPheTyrGl^^ 
2221 TTGCTCTC!ItX^CACCGGAGAGATCCCTTTTTA 

AACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGC^ 

LysGlyGlyArgHisLeuIlePheCysHisScrLysLyaLysCysAspGluLeuAlaAla 

2281 TCAAGGGGGGGAGACATCTCATCTTCTGTCATTCA 
AG TTCCCCCCXTlClOTAGAGTAGAAGACAGTAAGra 

LysLeuValAlal^iiGlylleAsi^aValMaTyra^rArgGlyLeuAspValSerVal 
2341 OUWXXC&TCGCArX^ 

GTTTCX3AOCAGCGTAACXXXjTAGTTACX3GCACOQG^ 

IleProThrSerGlyAspValValValValMaT^ 
2401 TCATCCCGACCAGCGGCGATGOTCTCGlTO 
AGTAGGGCrGGTCXXTGCTACAACAGCM^ 

GlyAspPheAspSeiVallleAspCysAsoThrCyaValThrClnThrValAspPheScr 
2461 CCCWKXSACTTCGACTCXKTGATAGACTGCAATAGGTG 

GGCCGCTGAAGCTGAGCCACTATCTGAOGTI^IXXACACAGTGGG 

3>e\iA spProThr PheThr I 1 eGl u*rhr IleThrLeuProGlnAspAlaVal SerArgThr 
2521 GCCTTGACCCTACCTTOKCATTC^ 

CGGAACTGGGATGGAAGTGGTAACTC TGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGT 

GlnArgArgGlyAi^rhx^lyArgGlyLysProGl^^ 
2581 CTCAACGTCGGGGCAGGACTGGCACGGGGAAGCCAGGCATCT 
GAGTTCCAGCCCOGTCCTGACCGTCCCCOT 

GluArgProSerGlyMetPheAspSerSerValLeuCysGluCyaTyxAspAlaGlyCys 
2641 GGG AGCGCCCCTOCGGCATGTTCGACTCGTCCG TCCTCTX3TGAGTGCTATGAOGCAGGCT 
CCCTCGCGGGGAGGCCGTACAAGCTGAGCAGGCAOiAGACA^ 

AlaTrpTyrGluIieuThrPr<^aGluThrThrValArgLeuArgAlaTyrKetAfl 
2701 GTGCTTGGTATCAGCT^CGCCCGCaSAfl^ 

CACGAA0CA3^TCGA)GTG0GGCCGGCTCTGA!IGTCAATC 

ProGlyLeuProValCy^lflAspHisLe^luFh^ 
2761 CCXCGGGGCTTOXGTGTGCCAGGACCAtCTTC 
GGGGCCCCGAAGGGCACAOGGTCCTGGTO 

ThrHisIleAspAlaHisPheI>euSerGlaTlu:LysGlnSeiClyGluAflnl^uProTyr 
2B21 TCACTCATATAGATGCCCACTTTCTATC^ 
AGTGAG TATATCTACGC&TGAAaGATftG^ 

IjeuValAlaTyrGlnAlaTlurValC^s^ 
2B81 ACCTGGTAGCGTACCAAGCCACCGTGT^ 



FIG. 32-3 
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GlnMetTrpLyaCysLeuIleArgteuLysP 
2941 ACCAGATGTCGAAGTGTTTOATTCGGCTCAAGCCCJ^^ 
TGGTCTACACCTTCACAAACTAAGOS^^ 

Ty r ArgT>u<? 1 y Al* v * 1 Gl" Vt*?T»t1 #»THrt^uThrHlsPrQValThrLysTvrIle 
3001 TATACAGACIXK^OTSTTCA^ 

ATATGTCTGACCCGCGAOU^TCTTACTT^ 

KetThrCysMet^erMaAspte^ 

3061 ACTACTCTACX»TACAGO0GGC^^ 

Vall^uAlaAlaLeuiaaiaaTyrCysI^uSex^rhrGlyCysValV 

3121 GCGTCCK&CTCCTTTGCKra^ 

CGCAGGACCGACGAAACCGGCGCATAACGGACAGTTGTCCGACGCAC^ 

ValValLeuSerGlyLysPrcAlallellePraAs^^ 
3181 GGGTCGTCITOTCCGGGAAGCXJGGCAATCATACCTCAC^ 
OX^GCAGAACAGGCCCTTCGGC^ 

AspGluMet£luGluCysSerGlnHisI*^^ 
3241 TTCATGAGATGGAAGAGTGCTCTCACXAC^ 
AGCTACTCTACCTTCTCAGGAGAG^ 

GluGlnPh^ysGlnLysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluVal 

3301 CCGPJGCP^TTQMGCPiGf^ 

GGCTCGXCAAGTTCGTCTTCCGGGAGCC^ 

IleAlaProAlaVolGlnmAsnTr^ 
3361 TTATCGCCCCTGCTGTCCAGACCAACTGGCAAAAACT 
AATACCGGGGACGACAGGTCTGGTTGACrc 

TrpAsnPhelleSeiGlylleGlaTyrLeuM 
3421 TGIXMAACTTCATOVGTGGGATA^ 

ACACCTTGAAGTAGTCACCCTATGTO^ 

AlalleAlaSerLeuMemaPheTlirAlaAlaValThrSerProLeuT^ 
3481 CCGCCATTCCTTCArtGAlGGCTTTra^ 

GGCGCTAACGAAGTAACTACCGAAMTCTCXJAOGACAGTGGtCGGGTCAT^ 

Thrl^oLeuPheAsQlleLeuGlyGlyTrpValAlaAlaGlnLeuAlaAla 
3541 AAACCCTCCTCrXCAACATATTGGGGGGGTGGGTGGClGC^ 
TTTGGGAGGAGAAGTTGTATAACCCCaXJ^ 

AlaThrAlaPheValGlyAlaGlyLeuAlaGlyAlaAlalieGlySerValGlyLeuGly 
3601 CCGCTACTGCCTTTGTGGGCGCTGGCTTAGCTGGOSCCGOCATOGG<^ 
GGCGATGACGGAAACACCOGCGAOCGAATCGACCGC^ 

LysValLeulleAspllelguAlaGlyTyrGlyAl^^ 
3661 GGAAGGTCXTW^TAGACATCCTTGCAGGGTATGGa 

CCTTCCAGGAGTATCTGTAGGAJUXTCCCATACXMC<^ 

PheLysIleMetSerGlyGluValProSerThrG^ 
3721 CATTCAAGATCATGAGCGG1X3AGGTCOCCTCCACGGAGGACCT 
GTAAGTTCTAGTACTCGCCACTCCAGGGG^ 

IleLeuSerProGlyAla&euValValGlyValValC^ 
3781 CCATCCTCTCGCCO^AGCCCTCGTAGTC^ 

GGTAKAGAGO^CCTOGGGAGCAICAGCOGCA^ 

ValGlyProGlyGluGlyAlaValGlDTrpMetAsnArgLeuIleAlaPheAlaS^rArg 
3841 ACGTTGGCCCGGGCGAGGGGGCAGTGCAGTGGATGAACOGGCTt^TAGCCTTCGCCTCrc 
TCCAACCGGGCCCGCTCCCXOGTCAOGTCACCTACT^^ 

GlyAsnHisValSerPrbThrHlsTyrValProGluSerAspAlaAlaAlaArgValThr 

FIG. 32-4 



107 



EP000318216 [htypT/w^ 1Q8 of 11 



EP 0 318 216 B2 



3901 gggggaaccatotttcccccacgcactacg tgccggagagcgatgcagctgcccgcgtca 

CCCCCTTGGTACPJWGGGGGTGO; 

Mallei^ uSerSerl^uThrValThrGlnl^uI^uArgArgLeuHisGlnTrp 
3961 CTGCCATACrCAGCAOX^rCACTG 

GACGGTATGAGTCGTCGGAGTGACATTGGGTCXSAG^ 

SexG luCys tfhrThrProCysSerGlySerTrpLeuArgAspl leTrpAspTrpIleCys 
4 021 GCTCGGAGrei&CCACTCCATtSCTCCGG 

CGAGCX^CACATGGIGAGGTACGAGGCCAAGGA 

GluValLeuSerAspPheLyfmirTrpLeuLyaA^ 
4081 GOGAGGTGTTCACCGACTTTAAGACCIXX^ 

OSCTOCACAACTOSCTCAAATICTCfiAOOSATTTTO 

IleProPheValSerCyfiGlnArsfGly!^ 
4141 GGATCCCCTTIGTGTCCTGCCAG^ 

CCTA6GOGAAACACAGGAGGGTC60GCCCATATT0GCCCAG 

HisThrArgCysHisCfrsGlyAlaGluIle^^ 
4201 TCCACACTOSCTGCraCTGJ^GA^ 

ACGTGK*AGCGACGGTGACACCTOGACTCTAGT^ 

IleValGlyProArgThrCysJU^Asi^tTrpSerGlyThrPheProIleAsnAlaTyr 
4251 GGATCGICGGTCCTAGGACCTGCAGGAACATGTC^^ 
CCTAGCAGCCAGGATCCTGGACGTCCTIGTACAOC^ 

ThrThrGlyProcysaftrProLeuProAlaProAsn^^ 
4321 AC^CCACGGGCCCCTGTACCCCtXTTCCTGC^CCGAAC 
TGTGGTCCCXXSGGGACATGGGGGGAAGGACGCGGC^ 

SeriaaGluGluTyrValGluIleArgGlnValGlyAapPheHisTyirValThrGlyMet 
4381 TGTCTGCAGAGGAATATGTGGAGATAAGGCAGGTGGGGGA 

ACAGACGTCTCCTTATACACCTCTATTCCG TCCACCCCCTGAAGGTGATGCACTG CCCAT 

ThrTIurAapAsDLeuLysCysProCysGlnValProSerProGluPhePheThr^ 
4441 TGACTACTGACAATCTCAAATGCCCGTGCCAGGTC^ 

AC TCATGACTG TTAGAGTTIACGGGCACGG TCCAGGGTAGCGGGCTTAAAAAGTG TCTTA 

AspGlyValAi^LeuHisArgPheAlaProProCysLysProL^^ 
4501 TGGAOSGGGTGCGCCTACATMGTTTGCGCCCCX^ 

ACCTGCCCCACGCGGATGTATCCAAAOGCGGGGGGACGTTCGGGM 

SerPheArgValGlyLeuHisGluryr^ 
4561 TATCATTCAGAGTAGGACTCCACGAATACCCGGTAGGGTCG^ 

ATAGTAAGTCTCAIKXTGAGGTGCTTATGGGCCATOCC^ CGWAATGGAACGCTCGGGC 

PrcAspValAiaValLeuThrS^rMetXeuThrAspProSerHislleThrAlaGluAla 
4621 AACCGGACGTGGCCGTGTTGACGTCCATGCTCACTGATCCCTCCCATATA^ 
TTGGCCTGCACCGGCACAACTGCAGGTACGAGTC 

AlaGlyAxgArgLeuAlaArgGlySerProProSexValAlaSerSerSerAlaSerGln 
4681 CGGCCGGGCGAAGGTTGGCGAGGGGATCACCCCCCTCTGTGGCC^ 
GCCGGCC(XCTTCCAACCGCTCCCCTAGTGGGGGGAGAC^ 

LeuSer Ala P roSerLeuLy sAlaThrCy sTKr AlaAanHi sAspSex P r 0A3 pAl aGlu 
4741 AGCTATCCGCTCCAltnCTCAAGGCAA^ 

TCGATAGGCGAGGT AGAGAGTTCCGTTGAACG TGGCGATTGGTACTGAGGGG ACTAOGAC 

Leu I leG luAlaAanLeuLe uTrpArgG InGluMetG lyGlyAsn I leThr ArgValG lu 
4801 AGCTCATAGAGGCCAACCTCCTATGGAGGCAGGAGATGGGCG^ 
TCGAGTATCTCCGGTTGGAGGATAOT 

ScrGluAanLysValYalllel^uAspSexPheAspProLeuYalAlaGluGluAspGlu 
4861 AGTCAGAAAACAAAGMGTGATTCTGG^CTCCm 
TCAGTCTTTTGTTTCACCACTAA^ 

FIG. 32-5 
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ArgGluIleSexValProAlaGluIlelxiuArgLysSerArgArgPheAlaGlnAlaLeu 
4 921 AGCGGGAGATCTCCGTACCCGCAGAAATCCTCOGG/^^ 
TCGCCCTCTAGAGGCATGtfXSTCm 

ProVaaTrpAlaArgProAspTyrAsnProProleuValGluThrTrpLysLysProAsp 
4981 TGCCCGTTTGGGCGCGGCCGGACTATAACCCCCCGCTAGTGGAGACGTGGA^^ 
ACGGGCAAACCCC^GCOGGCCTGATATTGGGGGG(XATCACCTCTGCA 

TyrGluProProValValHisGlyC^fiProLeuProProProLysSerProProValPro 
504 1 ACTACGAACCACCTGTGGTCCATGGCTGTCC^TTC 

TGATGCTTGGIX^CACCAGGTACCGACAGGCGAAGGTGGA^ 

ProProArgLysLy3ArgThrValValI^uThit31uSex^ 
5101 CTCCGCCTCGGAAGAAGCGGACGGTGGTCCTCACTGM^ 
GAGGCGGAGCCTTCTTCECCTGCCACCAGGAG^ 

GluI^uAlaThrArgSerPheGlySerSerScxThrSerGlylleThrGlyAspAsnThr 
5 16 1 CCGAGCTCGCCACXAGAAGCTTTGGCAGCTCCTCAACTTCOG^ 

GGCTCGAG CGG TGG TCTTCGAAACCGTCGAGG AGTTGAAGGCCX3TAATGCC(X^TGTTAT 

ThxThrSerSerGluProAl aProSerGlyCysProProAspSerAspAlaGiuSerTyr 
5221 CGACAACATCCTCTGAGC<XGCCCCTTCTX^CT^ 

GCTGTTGTAGGAGACTCGGGCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTC 

SerSerMetProProLeuGluGlyGluPro61yAspProAspi>euSerA8pGlySerTrp 
5281 ATTCCTCCATGCCCCCCCTGGAGGGGG AG CCTGGGG ATCCGG ATCTTAGCGACG GGTCAT 
TAAGGAGGTACGGGGGGGACCTCCCCCTCX5GACCCCTAGGCCTAGAATCGCTGCCCAGTA 

SerthrValSerSerGluAlaAsnAlaGluAspValValCysCysSerMetSerryrSer 
534 1 GG TCAAOGGTCAGT AG TGAGGCCAACGCGGAGGATCTCGTG TGCTCCTCAATGTCTTACT 
CCAGTTGCCAGTCATCACTCOGGTTGCSCCTCCTACAGC^ 

TrpThxGlyAlaLeuValThrProCysAlaAlaGluGluGlnLysLeuProIleAsnAla 
54 01 CTTGGACAGGCGCACTCGTCACCCOGTGCGCCGCGGAAGAACAGAAACTGCCtt 
GAACCTGTC(^CGTGAGCAGTGGGGCACGCGGCGCCTTCTTGTCT^ 

LbxiS erAsnSe rLeuLeuArg His Hi s A s nl^euValTyr S erThr ThrS er Ar g Ser Al a 
54 61 CACTAAGCAACTCG TTGCTWETCACCACAATTOGGTGT^ 

G TG ATTCGTTG AGC AACG ATGC AGTGGTGTTAAACCACATAAGG TGGTGGAG TGCGTCAC 

CysGlJiArgGljiLysLysValThrPheAspArgLeuGlnValLeuAspSerHisTyrGI 
5521 CTlGCCAAAGGC^GAAGAAAGTCACATTTGACAGA^ 

GAACGGTTTCCGTC TTCTTTCAG TGTAAACTGTCTGACGTTCAAGACCTG TCGG TAATGG 

AspValLeuLysGluValLysAlaAlaAlaSerLysValLysAlaAsnLeuLeoSerVal 
5581 AGGACGTACTCAAGGAGGTTAAAGCAGCGGCCrTCAAAAGTC 
TCCTGCATGAGTTCCTCCAATTTTC 

GluGli^aC^sSerLeuThrProProHisSerAlaLysSerLysPheGlyTyrGlyAla 
564 1 TAGAGGAAGCOTCC^CCTGACGCCCCCAC^CTCAGCCAAArc 
ATCTCCTTCGAACGTCXX?ACTGCGGGGGTGTCA^ 

LysAspValArgCysHisAlaArgLysAlaValThrHisIleAsnSerValTrpLysAsp 
5701 OU\AW3ACGTCCGTTGCCATGCCAGAAAGGC<X 

GTTTTCTGCAGGCAACGGTACGGTCTTTCCGGCATT^ 

LeuLeuGluAspAsnValThrProIleAspThrThrlleMetAlaLysAdnGluValPhe 
5761 ACCTTCTGGAAGACAATGTAACACCAATAGACACTAOCATCATGGCTAAGAAOGAGGTTT 
TGGAAGACCTTCTGTTACATTGTGGTTATCTCTGATGGTAGTACCGAXTCT 

CysValGlnProGluLysGlyGlyArgLysProAlaArgLeuIleValPheProAspLeu 
5821 TCTGQGTTCAGCCTGAGAAGGGGGGTCGTAAGCCAQCTCGTCTCATCG TGTTCCCCGATC 
AGACGOU^TCGGACTCTTCCCCCCA^ 

GiyValArgvalCy3GluLyaMetAlax^uTyrAspValvalrhrty8LeuProLeuAla 

FIG. 32-6 
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5861 TGGGCGTGCGQ2TGTGCGAAAAGAIXK5C 

ACCCGCACGCGCACAOGCTTTTCTACOG AAACATCCTG CACCA^ TTTCGAGGGGAACC 

ValMetGlySerSerTyrGlyPheGlnTyrS^ 
5941 CCX5TGATGGGAAGCTCCTACGGATTCCAATACTCACCAGG 

GGCACTACCCTTCGAGGATGCCTAAGGTTATSAGTreTCCTC 

GlnAlaTrpLysSerLysLysThrProMe^^ 
6001 TGCAAGCGTGGAAGTCCAAGAAAACCCCAATOGGGTTCTK 
ACGTTCGCAOCTTCAGGTTCTTTIKjGGGTO 

SexThrValThrGluSexAapIleArgTh^ 
6061 actccacagtcactgagagcgacatccx5 tacggaggaggcaaictaccaatgttgtgacc 
tgaggtgtcagtgactctox:tgtaggcat^ 

AspProGlnMaArgValAlalleLysSerL^ 
6121 TCGACCCCCAAGCCCGCGTGGCCATO^AGTCCCTC^^ 
AGCTGGGGGTT03GG(XCACCGGTAGTT(^^ 

LeuThrAsnSerArgGlyGluAsmCysGly^ 
6181 CTCTTACCAATTCAAGGGGGGAGAACTCCGGCTATCGCAGGTC 

GAGAATGGTTAAGTTCCCCCCTCTTGACGCCGATAGOG TCCACGGCGCGCTCGCCGCATG 

ThrThrSerC^sGlyAsnTlirLeuTh^ 
6241 TGACAACTAG<nGTGGTAACAC<XTCACTTGCTAC^^ 
ACTGTTGATCGACACCATTGTGGGAGTGAACGAW^ 

AlaGlyLeuGlaAspCysThrMetLeuYalCysGlyAspAspLeuValVallleCyaGlu 
6301 CCGCAGGGCTCCAGGACTGCACCATGCTCGTGTGTGGCGAjX 

GGCGTCCCGAGGTCCTGACGTGGTAOGAGCACACACOGCTGCTGAATCAG 

SerAlaGlyValGlnGluAspAlaMaSerLeuArgAlaPheTh^ 
6361 AAAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCTGAGAGTC^ 

TTTCGCGCCCCCAGGTCCTCCIGCGCOGCTOGGACTCTCGGAAGTGCCTC 

TyrSerAlaProProGlyAspProProGlnProGluTyrAspI^uGluLeuIleThrSer 

6421 gg tactccgcccc ccctggggaccccccacaaccagaatacgacttggagctcataacat 
ccatgaggcgggggggacccctggggggtgttggtcttatgot 

CysSerSerAsnvalSerValAlaHisAspGlyAlaGlyLysAi^alTyrTyrLeuThr 
6481 CATGCTCCTCCAACGTGTCAG tcgcccacg acsgcgctggaaag agggtctact acctca 

GTAGGAGG AGGTTG CACAGTCAGCGGGTGCrcCCGCGACCTTTCTCCCAGATGATGGAGT 

Ar^spProThrThrProLeuMaArgAl&AlaTr^ 
6541 CCOGTGACCCTACAACXCCCCTaXXSAGAGCTGCGTGGG^ 

GGGCACTGGGATGTTGGGGGGAGCGCTCTCGAOGCACCCTCTCTOGTTC 

AsnSerTrpLeuGlyAsn Ilel LeMet PheAlaProThrLeuTrpAlaArgMet IleLeu 
6601 TCAATTCC TGGC TAGGCAACATAATCATGTTTGCCCCCACACTGTGGGCGAGGATGATAC 
AGTTAAGGACCGATCCGTTGtATTAGTACAAACGGGGGTGTGACACC^ 

MetThrHisPhePheSerValLeuIleAlaAr^spGOJ^^ 
6661 TGATGACCCATTTCTTTAGCGTCCTTATAG CCAGGGACCAGCTTGAAGAGGCCC TCGATT 
ACTACTGGGTAAAGAAATCGCaGGAATATCGGTCC^^ 

GlulleTyrGlyAlaCysTyrSerlleGluProIieuAspLeuProProIlelleGlnArg 
6721 G CGAG ATCT ACGGGGCCTGCTACTCCATAG AACCACTTGATCTACXT^ 

CGCTCTAGATGCCCCGGACGAXGAGGTATCTTGGTGAACTAGATGGAGGTTAGTAAGTTT 

Leu 

6781 GACTC 



£S FIG. 32-7 
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FIG* 33 LEGEND 
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40 
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42 
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11 
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date (day*) ALT (alanine) 
(0-inoculation ajuinot ran* t erase 
day) level in sera) mm/ml) 
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FIG. 34 LEGEND 

Patient 



■SKr Diagnosis tevel f^/ml) 



1 NANR 1354 

31 
14 



, l A NAHB 

i 1 1 HAHB 

3 2? NAHB 
4 



2* NANB " 

2 1 NAHB " 



5 z t BMlwo 7 a 
I 3* NAHB 'J 

6 3 1 NAHB 3] 
3» NAHB 25 
4I NAHB M 
4 1 NAHB 1 3 
5 1 NAHB 298 
5I NANB 101 
6* NAHB 47« 
$1 NAHB 318 

J5 7I NAHB 



IS 
17 
18 

19 * 



21 11 



20 



7I NAHB 1^3 

8l HAHB 44 

8l NANB 50 

xy 9 HAHB N/A 

20 10 NAHB N/A 



NAHB N/A 



12 Normal N/A 

13 Normal N/A 
24 14 Normal n/a 

26 30174 Normal N/A 

27 30105 Normal N/A 

28 30072 Normal N/A 

29 30026 Normal N/A 

30 30146 Normal N/A 

31 30250 Normal H/A 

32 30071 Normal H/A 

33 15 AcuteHAV N/A 

34 16 AcuteHAV N/A 

35 17 AcuteHAV N/A 

36 18 AcuteHAV H/A 

37 48088 AcuteHAV N/A 

38 47288 AcuteHAV H/A 

39 47050 ACUteHAV H/A 
4Q 46997 AcuteHAV N/A 

41 19 Convalescent HBV N/A 

42 20 (anti-HBSag*ve; N/A 

43 21 anti-HBCag+ve) n/a 

44 22 {anti-HBSag+ve; N/A 

45 23 anti-HBCag+ve) 

46 24 (anti-HBSag+ve; N/A 

47 25 anti-HBCag*ve) N/A 

48 26 (anti-HBSag*ve; H/A 
4 9 27 anti-HBSag+ve] N/A 

Sequential serum samples were assayed from these patients 
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FIG. 34- 1 



FIG. 34-2 
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FIG. 3 6 "I COOH-teiminus of SOD-C100 Fusion Polypeptide 

SOD COOH] [—adaptor ] (NANBHpolypeptide> 

AlaCysGlyVallleGlylleAlaGlnAsnl^u^ 
1 GCTTGTGGTCTAATMGGMOGCCCMARTTTC^^ 
CGAACACCACATTAACCCTAGCGGGTCTTAAACCCT^ 

>>»»»»»»»»»> 
GlnThrLysGlnSerGlyGluAsnLeuProTy^^ 

GTCTGTTTCGTCTCACCCCTCTTCGAAGGAATGGACC^ 

AlaArgAlaGlnAlaProProProSei^rpAspGloMe^ 
121 GCTAGGGCTCAAGCCCCTGOCCCATCGTGGGACCAGAXGT^^ 
CGATCXIGGAGTTCGGGGAGGGGGTAGCACCCTGGTCTAC^ 

LysProThrLeuHisGlyProThrProLe^ 

181 AMCCCACCCTOCMXjGGQ(^^ 

TTCGGGTGGGAGGTACCCGGTTCTGGGGACGATATGTC 

IleXhrLeuThrHisProValThr^^ 
241 ATCACCCTCACGCACCCAGTCACCAAATACATCAl^^ 
TAGTGGGACTGCGTGGGTCAGTGGTTIATGTAGTM 

ValValThrSerfhrTrpVall^uVal^ 
301 GTOjTeACGAGCACCTGGGflXKTCGTTGGCGG^ 
CAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCA 

LeuflerThatflyCysValVallleVa^ 
361 CTGiraACAKOTGCGTG^ 

GACAGTTGTCCGACGCAOJVGTATCACC(^TC 

Il^roAspArgGluValLeuTyrArgGl^^ 
421 AXACCTGACAGGGAAGTOCTCTACCGAGAGTTOGA 
TA!R5GACTGTCCCTTCWjGMATCGCTCTC^ 

LeuProTyrlloGluGlnGlyMetMetLeuAlaGluGlnPheLysGl 
481 TTACCG TACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTC^ 
AAIGGCAWTAGCTOGTTCCCTAGXACGAGCGC^^ 

l^ulx*uGlnitoAlaSerArgGlriAlaGluV^ 
541 CTCCTGCAGACTGCGTCCCGTCM^ 

GAGGACGTCTGGCGCAGGGO^TCCGTCTCCAATAGCGGC^ 

GlnLyaLeuGluThrPheTrpAlaLya^^ 
601 CAAAAACTCGAGACCTTCTGGGCGAA^ 

GTTTTTGAGCTCTGGAAGACOCGCTTCGTATACACCTTGAM 

I^uAlaGlyLeuSerThrLeuProGlyAsnProl^ 
661 TTGGCGGGCITCTCAAQX^TGCCTGGTAAOCCCGCCATTGCT^ 

MaMaValThrScrPrbLeuTlrrthrSerGlnThrLeuLeu^ 
721 GCTGCTGTCACCJGCCCACIAM 

CGACGACAGTGGTCGGGTCATTGGTGATCGGTTI^^ 

TrpValAlaAlaGlnteuJ&aAlaProGlyAlaAlaThrAl^ 
781 TGGGTCGCTGCCC&GCTCGCCGCCCCCGGTGCCGCTACT 

ACOCACCGAOGGGTCGAGOGGCGGGGGOCACGGCGATCACGGAAACACCC^ 

AlaGlyAlaAlalleGlySm^alGlyLeuGlyLyflValLeuIleA^pIlel^uAlaGly 
841 GCTGGCGCCGCCATOGGCAGTG TTGGACTGGGGAAGGTCCTCATAG ACATCCTTGCAGGG 
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CGACCGCGGOMTAGCCGTCACMCCTGACCCCTTC^ 

TyrGlyAlaGlyValAleunyAlaLeuYalAlaP^ 
901 TATGGCGCGGGCGTGCKXSGGAGCTCTTCTGGCAT^^ 
ATACCGCGCCCGCACOXXraC^^ 

SerThrGluAflpLeuValAsn^ 
961 TCCACGGAGGACCTGGTCMTCTACTGCCCGCCATfcCTC 
AGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAiGGAG 

Gl^alValCysAlaAlalleLeuArgArgHisValGlyPrtsGlyGluGlyAlaValGln 

1021 GGCGTGGTCTGTGCAGC&ATACTGCGCCGGCA^ 

CCGCACCAGACACGTCGTTA1GACGCGGCCGTGCAACCGGGCCTO 

<«««<«<<«<««<NANBHJ [ extra 

TrpMetAsnArgLeuIleAlaPh^ 
1081 TOGATGAACOGGCTGATAGCCTTOGCCTCCOGGGGGAACCM 
ACCTACTTCGCCGACTAIOGGAAGCGC^^ 



-] 



LysArgOP 

1141 AAGCGTTGACGCTCCCTACGGGTGGACTGra 

TTCGCAACTGCGAGGGATGCCCA<XTGACACCTCTC 

1201 CTCAGCCATCCATCGAGGGGTACMTCCX3TATGGCCAACAACT 
GAGTCGGTACGTAGCTCCOCATGTTAGGCATACCGGTTGT^ 

1261 TCCTTTCTO^TGGTCCATACCTT 

AGGAAAGAGCTACCAGGTATGG AATCTACG CAATCGTAATTAGGCTTAAG 



FIG. 36-2 
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FIG. 38 
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FIG. 41a FIG. 41b 
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FIG. 4W 

Horology between the HCV polypeptide encoded by combined ORP of clones 
141 through 39c) and the non-structural protein of the Dengue flavi- 
virus(MNWVDl), 

^ ^ ^ ^ 5Q 

HCV EYYVIAFUIADAKV^ 

MNWVD1 AVSFVTLITGNHSFRDLGRVMVMVGAl*^^ 

130 140 150 160 170 180 

60 70 80 90 100 110 

HCV WnJ<GKWVP6AVYTF¥GMWP^^ 

MNWVD1 TSKELMMTTlGIVIiLSQSn^ 

190 200 210 220 230 240 

120 130 140 150 160 170 

HCV KRYISWCLVWUnfFLTR^ 

MNWVD1 NAVIMNAVOVSCTIIAV^^ 

250 260 270 280 290 

180 190 200 210 220 230 

HCV FGPLWILQASUiKVPYF-^ 

MNWVD1 KK^wu^iw^^ 

300 310 320 330 340 350 

240 250 260 270 260 290 

HCV TPLRDWAHNGIJU)IAVAVEP^ 

. : i s. • . • I k * 

MNWVD1 ADVK-WEDQAEISGSSPII^ITISE-DGSMSIKNEEEEQTLTILIRTGIiLVISG I»FP 

360 370 380 390 400 410 

300 310 320 330 340 350 

HCV PADGMVSKGWRLLAP I TAYAQQTRGLDGC I ITSLTGRDKNCJVBGEVQIVS TAAQTFLATC 

MNWVD1 VSlPITAAAIttWreVKKQ 

420 430 440 450 460 470 

360 370 380 390 400 410 

HCV INGVCWTVYHG AGTRT IAS P KG PVI QKYTNVDQDLV GWPAPQGSRSLTPCTCGSSD 

MNWVD1 KKTFHTMWfVTR^ 

480 490 500 510 520 530 

420 430 440 450 460 470 

HCV LYLVTRHAimFVRRRGDSRGSLLSPRPISn^SS 

MNWVD1 PGKHP^VQTKPGIiFKTN — AGT IGAVSLDFSPGTSGSPI iDKKGOTVGL YG NGVVTRSG 

540 550 560 570 580 590 

480 490 500 510 520 530 

HCV AKAVDFIPVENLBTTORSPVFTONSSPP^ 

MNWVD1 AYVSAIAQTEK — SIJDNPEIEDDIFRK R^TniDIiit^ ACRTKRYLPATVRGAI KR 

600 610 620 630 640 



540 



550 



560 



570 



580 
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HCV GYKVLVI^S— VWm/GFGA^KAH^ 

t . . : . i „ t . - . » ■ » . * 

MNWVD1 GMTIja^APTRVVAAQffiEAIilGI*^ 

€50 660 670 6B0 690 700 

590 600 6X0 620 630 640 

HCV SGGATOIIICDECHSTDATSlIfilGTVU^ 

.X..:: 5i : • : . :. * : I V. 

MNWVD1 RVPNYOTJIMDEAHFTDPASIAARGYIST^ 

710 720 730 740 750 760 

650 660 670 680 690 700 

HCV ALSTTGEIPFYGKAIPIJEIVTKGGRHL^ 

MNWVD1 I^l^IPERSWSSGHEW^ 

770 780 790 800 810 820 

710 720 730 740 750 760 

HCV IPTSG0v^WAimi2CGYTGDFDSVlM 

MNWVD1 SEYVKraTNWNFVVTTDISEMGANFKAERVIDPRRC^ 

830 840 850 860 B70 880 

770 780 790 800 810 820 

HCV QRRGRTGRGKPGIYKFVAPGEM>SGMF1K^ 

MNWVD1 SS 



FIG. 41-2 
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FIG. 43 

DISTRIBUTION OF RANDOM SAMPLES 

C100-3 Ag ELISA Preclinical Kit 
416ng C100/WELL. 2 HRS 37°C, 20ul SAMPLE 
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FIG. 44 

Distribution of 0«D« Tallies for 
Random Blood Conor Sggtcg Tested with Two ELISA 
Configurations 

CI 00-3 Ag ELISA MoAB vs Polyclonal 
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FIG. 45 

Name Common Sequence Variable Sequence 



5 ' - 3 - 1 AAGCTTGATCGAATTC CGATCTTGC 

-2 CGATCCTGC 

-3 CGATCATGC 

-4 CGATCGTGC 

-5 CGAAGTTGC 

-6 CGAAGCTGC 

-7 AGATCTTGC 

-8 AGATCCTGC 

-9 AGATCATGC 

-10 AGATCGTGC 

-11 AGAAGTTGC 

-12 AGAAGCTGC 

-13 CGATCTTGT 

-14 CGATCCTGT 

-15 CGATCATGT 

-16 CGATCGTGT 

-17 CGAAGTTGT 

-18 CGAAGCTGT 

-19 AGATCTTGT 

-20 AGATCCTGT 

-21 AGATCATGT 

-22 AGATCGTGT 

-23 AGAAGTTGT 

-24 AGAAGCTGT 

-25 CGCTCTTGC 

-26 CGCTCCTGC 

-27 CGCTCATGC 

-28 CGCTCGTGC 

-29 CGCAGTTGC 

-30 CGCAGCTGC 

-31 CGCTCTTGT 

-32 CGCTCCTGT 

-33 CGCTCATGT 

-34 CGCTCGTGT 

-35 CGCAGTTGT 

-36 CGCAGCTGT 
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FIG. 46 -I Translation of DNA k9-l 

GlyCysProGluArgLeuAlaSerCysAi^ProIguThrAs ^^^ 

1 CAGGCTGTCCTSAGAGGCTAGCCAGCTGCC^^ 

GrcCGACAGGACTCTCCGATCGGTCGACGGCTGGGGAATGGCTAAAACTGGTCCCGACCC 

ProIleSerTyrAlaAsnGlySerGlyProAspGlnArgProTyzCy 
6 1 GCCCTATGVGTTATGCCAACGGAAGCGGCCCCGACC^CGCCCCTACTGCTGGCACTACC 
CGGGATAGTCAATACGGTTGCCTTCGCCGGGGCTGGTCGCGGGGATGACGACCGTGATGG 

ProLysProCysGlylleValProMaLysSeiValCysGlyProValTyxCysPheThr 
121 CCCCAAAACCTTGCOn'ATTGTGCCCGCGAAGAGTGlGTG^ 
GGGG TTTTGGAACGCCATAACACGGGCGCTTCTCACACA 

ProSerProValvalValGlyThrThxAspArgSe^ 
18 1 CTCCCAGCCCCGTGGTGGTCGGAACGACCGACAGGTCGGGCGCGCCCACCTACAGCTGGG 
GAGGGTCGGGGCACCACCACCCTTGCTGGCTGTCCAGC 

GluAsnAspThxAspValPheValLeuAsnAsnltoArgProPrc^uGlyAsnTrpPhe 
24 1 GTGAAAATGATACGGACG TCTTCGTCCTTAACAATACCAGGCCACCGCTGGGCAATTGGT 
CACTTTTACTATGCCTGCAGAAGCAGGAATTGTTATGGTCCGGTGGCGA 

GlyCysT^rpMetAsnSerThxGlyPheT^ 
301 TCGGTTGTACCTGGATGAACTC^ACTGGATTCACCAAAGTGTGCGGAGCGCCTCCTTGK 
AGCCAACATGGACCTACTTGAGTTGACCTAAGTGGTTTCACACGCCTOGCGGAGGAACAC 

lleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAspCysPheArgLysHisPro 
361 TCATCGGAGGGGCGGGCAACAACACCCTGCACTGCCCCACTGATTGCTTCC 

AG T AGCCTCCCCGC CCGTTGT TG TGGGAC G TGACGGGG TG ACTAACGAAGGCGTTCGTAG 

AspAlatfirTyrSerArgCysGlySerGlyPrc>Trpil^ 
421 CGGAOGCCACATACTCTCGGTGCGGCTCCGGTCC^TGGATG^CACCCAGGTGCCTGGTCG 
GCCTGCGGTGTATGAGAGCCACGCCGAGGCCAGGGACCTAGTGTGGGTCCACGGACCAGC 



TyrProTyrArgteuTrpHisTyrProCysThrileABnTyrThrllePh^LysileArg 
481 ACTACCCGTATAGGCTTXGGCATTATCCTXGTACCATCA^ 

TGATGGGCATATCCGAAACCGTAATAGGAACATGGTAGTTGATGTGATATAAATTTTAGT 



MetTyrValGlyGlyvalGluHisArgLeuGluAlaAlaCysAsnTrpThrAxgGlyGlu 

54 1 GGATGTACGTGGGAGGGGTCGAGCACAGGCTGGAAGCTGCCTGCAACTGGACGCGGGGCG 
CCTACATGCACCCTCCCCAGCT CGTGTCCGACCTTCGACGGACGXTGACC TGCGCCCCGC 



ArgCysAspLeuGluAspArgAspArgScrGluLeuSerProl^uI^uLeuThrThxThr 
601 AACGTTGOGATCTGGAAGATAGGGACAGGTCCGAGCXCAGCCCGTTACTGCTGACCACTA 
TTGCAACGCTAGACCOTCTATCCCTGTCCAGGCTCGAGTCGGGCAATGACGACTGGTGAT 



GloTrpGlnValLeuProCysSerPheThrThrl^ 
661 CACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCC TG CCAGCCTTG TCCACCGGCCTCA 
GTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGACGG TCGGAACAGGTGGCCGGAGT 

Overlap vith Combined ORP of DHAs 12f through lSe 

HisLeuHisGlnAsnlleValAspValGlnTyrLeuTyrGlyValGlySerSerlleAla 
721 TCCACCTCCACCAGAACATTGTGGACGTGCAGTACTTGTACGG 

AGGTGGAGG TGG TCTTGTAACACC TGCACG TCA3GAACATGCCCCACCCCAGTTCG TAGC 



SerTipAlalleLysTrpGluTyrvalVallieuI^ 
781 CGTCCTGGGCCATTAAGTGGG AG TACGT CG TCCTCCTGTTCCTTCTGCTTGCAGAGGCGC 
GCAGGACCCGGTAATTCACCCTCATGCAGCAGGAGGACAAGGAAGACGAACGTCTGCGCG 
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vaLCysSexCysl^uTrpMetMetLe^^ 
841 GCGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAG^ 

CGCAGACGAQGACGAACACCTACTACGATGAGTATAGGGTTCGCCTTCGCCGAAACCTCT 



I^uVameLeuAsnAlaAlaSerLeu^ 
901 ACCTCGTAATACTTAAIGCAGCATCCCT^ 

TGGAGCATTAKAATTACGTCGTAGGGACOSGCCCTiSCG JGCCAGAACATAGGAAGGAGC 



PhePheCysPheAlaTrpTyrl^uLysGly^^ 
961 TCTTCTTCTGCTTTGCATGGW 

ACAAGAAGACGAAACGTACCATAG ACTTCCCATTCACCCACGGGCC TCGCCAG ATGTGGA 



TyrClvMetTrpProLeul^u^ 
1021 TCTACGGGATGTGGCCTX^CTCCTGCTCCTGTTGGCG TTGCCCCAGCGGGCGTACGCGC 
AGATGCCCIACACCGGAGAGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCG 



AspThiGluValAlaAlaSerCysGlyGlyValVall^uValGlyl^uMetAlaLeuThr 
108 1 TGGACACGGAGGTGGCCGCGTCGTGTGGCGGTG TTGTTCTCGTCGGGTTG ATGGCGCTAA 
ACCTGTGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGCC 



l^uSerProTyrTyrLysArgTyrlleSt^rpCysI^^ 
114 1 CTCTGTCACCATATTACAAGCG CWT ATCAGCTGGTGCTTGTGGTG GCTTCAGTATTTTC 
GAGACAGTGGTATAAItnrCGCGATATAGTCGACCACGAACACCACCGAAGTC^TAAAAG 



ThrArgValGluAlaGlrO^uHisValTrpIle^^ 
1201 XGACCAGAGIX^AAGCGCAACTGCACGTGTGGATTCCCCCCCTCAACGTC 

ACTGGTCTCACCTTCGCGTTGACGTGCACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCG 



AspAlaVallleLeuLeuMetCysAlaValHisProThrLeuValPheAspIleThrLys 
126 1 GCG AC GCTGTCATCTTACTCATG tg tgctg tacacccgac tctggtatttg acatcacca 

CGCTGCGACAGTAGAATGAGTACACACGACATGTGGGCTGAGACCATAAACTCTAGTGGT 



LeuLeuLeuAlaValPheGlyProtieuTrpIleLeuGlnAla 
1321 AATTGCTGCIX^CCGTCTTCGGACCCCTTTGGATTCTTCAAGCCAG 
TTAACGACGACCGGCAGAAGCCTCGGGAAACCTAAGAAGTTCGGTC 
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FIG. 4 7- 1 C0MJBXNED ° RF 0F DNAS K9 ~ 1 throu ? h 15 

GlyCysProGluArgLeuAlaSerCysArgProLeuThrAspPheAspGlnGlyTrpGly 
1 CAGCCTGTCCTGAGAGGCTAGCCAGCTCCCGACX2CCTT ACCGAT^ GCTGGG 

gtccgacaggactctccgatcggtcgacggctggggaatggctaaa^ 

ProIlcSerryrAlaAsnGlySerGlyProAspGlnArgProTfrCysTrpHisTyrPro 
61 gccctatcagt^tgccaacggaagcggcccogaccagcgcccctactgctggcactacc 
cgggatagtcaatacggttgccttcgccggggctggtcgcggggatgacgacogtgatgg 

ProLysPrc<5sGlyUeValProAlaLysSeiValCysGlyProValTyrCysPheThr 
1 21 CCCCAAAACCTTGCGGTATTGTGCCCGCGAAGAGT^^ 

GGGGTTTTGGMCGCX^TAACACGGGCGCTTCTCACACACA^ 

ProSerProValValValGlyThrThrAspArgSe^ 
181 CTCCCAGCCCCGTGGTGGTGGGAACGAC0GACAGGTCGGGOG0GCCCACCTACAGCTGGG 
GAGGGTCGGGGCACCACCACCCTTGCTGGCTGTC^ 

GluAsnAspThrAspValPheValLeuAsnAsnThrArgP 
241 GIXaUUVATGATACGGACGTCTTCGTCCTTAW 

CACrTTTACTATGCCTGCAGAAGCAGGAATTGTTATGGT^ 

GlyCysThrTrpKetAsoSerThiGlyPheTta^ 
301 TCGGTTGTACCTGGATGAACTCAACTGGATTCACCAAAGTGTGOGGAGCGC 

AGCCAACATGGACCTACTTGAGT TGACCTAAGTGGTTTCACACGCCTCGCGGAG GAAGAC 

IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAfipCysPheArgLyfiHisPro 
361 TCATCGGAGGGGCGGGCAACAACACCCTGCACTGCCCCACTO 

AGTAGCCTCCCCGCCCGTTGTTGTGGGACGTGACGGGGTGACTM 

AspAlaThrTyrSertogCysGlySerGlyProT^ 
421 CGG ACGCCACATACTCTCGGTG CGGCTCCGGTCCCTGGATCACACCCAGG TGCCTGGTCG 
GCCTGCGGTGTATGAGAGCCACGCCGAGGCCAGGGACCTAGTGTGGGTCCACGGAC 

IVrProTyrArgLeuTrpftLsTy^^ 
481 ACTACCCG TATAGGCTTTGGCA TT ATCC TTG T ACCATCAACTACACCATATTTAAAATCA 
TGATGGGCATATCCGAAACCGTAATAGGAACATGGTAGTTGATCTGGTATAAATTTTAGT 

MetTyrValGlyGlyValGluHisArgl^uGluAlaMaCysAsnTrpThrArgGlyGlu 
541 GGATGTACGTGGGAGGGGTCGAACACAGGCTGGAAGCTCGCTGCAACTGG^ 

CCTACATGCACCCTCCCCAGCTTGTGTCCGACCTTCGACGGACGTTGACCTGCGCCCCGC 

ArgCysAspLeuGluAspArgAspArgSexGluI^uSerPrc^uLe^^ 

601 aaogttgcgatctcgaagacagggacaggtccgagctcagcccgttactgctgaccacta 
ttggaacgctagaccttctgtccctgtccaggctogagtcgggcaatgacgactggtgat 

GlnTrpGlnValLeuProCysSerPheTlu^hrLeuProAlal^uSerThrGlyLeuIle 
661 CAC^TGGCAGGTCCTCCCGTGTTCCTTCACAACCXITACCAGCCTTGTC 

GTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGATGGTOGGAACAGGTGGCCG 

KisLeuHisGlnAsDlleValAspValGlnTyrLeuTyiGlyValGlySerSerlleAla 
721 TCCACCTCCACCAGAACATTGTGGACGTGCAGTACT^ 

AGG IX^ AGGTGGTCTTGTAAC^CCTGCAOGTCATGAACATGCCCCACCCCAGTTCGTAG c 

SerTipAlaileLysTrpGluTyrValValUi^ 
. 781 CGTCCTGGGCCATTAAGTGGG AG TAOGTCGTTCTOCTGTTCCTTCTGCTTGCAG ACGCGC 
GCAGGACCOGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAGACGAACGTCTGC^ 

ValCysSei<^sLeuTrpMetMetLeuLeulleS€rGlriAlaGluAlaAl 
841 GOGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGGAGGCGGCTTTGGAGA 
CGCAGACGAGGACGAACACCTACTACGA!PGAGTATAGGGTTCGCCTCCGCCGAAACCTCT 

LeuVallleLBuAsnAlaAlaSerLeuAlaGlyThrHisGiyLeuValSerPheLeuVal 
901 ACCTCGTAA13UrrTAATGCAGCATCCCTGGCCGGGACGCACGGTCTT5T^ 

TGGAGCATTATGAATTACGTOGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGC 



128 



EP0003182j^^ 129 of 10 



EP 0 318 216 B2 



PhePheCysPheAlaTrpTyrLeuLysGlyLysTr^^^ 
961 TCTTCTTCTGCTTTOCATGGTATTTGAAGGGTA 

ACAAGAAGACGAAACGTACCATAAACTTCCCAT^^ 

TyrG lyMetTrpProI^uI^uLeuLeu^ 
1021 TCTACGGGATGTCGCXTCTCCTCCT^ 

AGATX^arTACACCGGAGAGGAGGACGAGGACAACCGCAAOS^^ 

AspThrGluYalMaAlaSerCysGlyGlyValVal^^^ 
1081 TGGACACGGAGGTGGCCGOGTCGTGTGGCGGTGTTG TTCTCGTCGGGTTGATGGOGCTGA 
ACCTGTGCCTCTACCJGGOGCAGCACACC^ 

i^erProTyrTyrLysArgTyrUeSerrr^ 
1141 CTCTCTCACCATATTACAAGCGCTATATC 

GAGACAGTC&TATAATGOTCGCGATATAGT^ 

ThrArgValGluAlaGlnLeuHisValTrpIlfiPro^ 
1201 TGACCAGAGTGGAAGCGCAACTGCACGTGTGGAIT^ 

ACTGGTCTCACCTTCGCGTTGACGTGCACACCTAAGGGC^ 

AspMnValllel^uLeuMctCysAlaValH^^ 
126 1 GCGACGCCGTCATCTTACTCATGTGTCCTGTACACO^ACTCl^ 

cgctgcggcagtagaatgagtacacacgacatgtgggctgagacc^ 

I^ul^uI^uAlaValPheGlyProI^uTrpIleL«uG^^ 
1321 AATTGC TGCTGGCCGTCCTCGGACCCCTTTGGATTCTTCAAGC^ 

TTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGTCAAACGAATTTCATG 

TyrPheValArgValGlcGlyl^uIxiuArgPh^ 
1381 CCTACTTTGTGCGCGTCCAAGGCCTTCTCCGGTTCTGC^ 

GGATG AAACACGCG CAGGTTCCGGAAGAGG CCAAGACGCGCAATCGCGCCTTCTACTAGC 

GlyHisTyrValG:UM£tValileneLys^ 
1441 GAGGCCATTACGTGCAAATGGTCATCATTAAGTTAGGGGCGCTTACTt^SCAOCTATGrTT 
C TCCGGTAATGCAC G TTTACCAG TAGTAATTCAATCCCCGCGAATGACCGTGGATACAAA 

AsxiKisI^uThrProl^uArgAspTrpAlaHisAsnGlylAUArgAapl^uAlaYalAla 
1501 ATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAACGGCTTGCGAGATCTWCCGT^ 
TATTGGTAGAGTGAGGAGAAGCCCTCACCCGCGTCTTGCCGAACGC^ 

ValGluProValValPheSerGlnfetGluThrL^ 
1561 CTGTAGAGCCAGTCGTCOTCTCCCAAATGGAGAOCAAGCTCATCACGTC 
GACATCXCGGTCAGCAGAAGAGGGTTTACCTCTGGTTCGA^ 

AaaAlaCyeGlyAflpXlelleAsnGlyl^uProValScrAlaArgArgGlyAxgGluIlo 
16 21 CCGCCGCGraXGIXy^TCATCAACGGCTlXXCTGOT 

GG CGG CGCACGCCACTG TAGTAGTTGCCG AACGGACAAAGGCGGGCGTCCCCGG C^TCT 

I^uLeuGlyProAlaJ^pGlyMetValSerLysGlyTrpArgl^uI^uAlaProIleTh^ 
1681 TACTGCTCGGGCCAGCCGATGGAATGGTCTCCAAGGGGTGGAGGTTGCT 
ATGACGAGCCCGGTCGGCTACCTTACCAGAGGTTC 

MaTyrAlaGlnGlnThrArgGlyl^uLeuGlyCy 
1741 <X»CCTACGCCXAGCAJGWyUU»GGCCTCOT 

GCCGCATCOGGGTCGTCTGTTCCOCGGAGGATCOCAOGTAlTACyrcGTC^ 

AspLysAsnGlnValGluGlyGluValGlnlleValSerThm 
1801 GGGACAAAAACCAAGTGGAGGGTGAGGTCCAGATICTGtCAACTGCTGCCCM 
CCCTGTTTTTGGTTCACCTCCCACTCCAGGTCTAACACAGTTGACGACGOT 

MaThxCysIleAsaGlyValCyflTrpThxValT^ 
1861 TGGCAACGTGOUXIAATGGGGTGTGCTGGAC^ 
ACCGTTGCACGTAGTTACCXXACACGA^ 

MaSerProLysGlyProVallleGlnHetTyrTItt^ 
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1921 tcgcgtcacccaagggtcctgtcatccagaxgtataccaatgtagaccaagaccttgtx3g 
agcgcagtgggttcccaggacagtaggtctacatatggttacatctggttctgg aacacc 

TrpPrcJU-aProGlnGlySerArgSerUuThrProCysThrCysGlySerSerAspLeu 
1981 gctggcccxctccgcaaggtagccgctcattgacaccctgcact 

cg accgggcgaggcgttccatcggcgagtaactg tgggacg tgaacgccgaggagcctgg 

Tyrt-euvalThrArgHlsAlaAspvalileProValArgArgArgGlyAspSexArgGly 
204 1 TTTACCTGGTCACGAGGCACGCCGATGTCATTCCCG 

AAATCGACCAGTGCTCCGtGCGGCTACAGTAAGGGCAGGGGGCGsCCC^^ 

SerLeuLeuSerProArgProlleSerTyr^ 
2101 G<^CCTGCTGTCGCCCCGGCCCATTTCCTACTTGAAAGG 

CGTCGGACGACAGCGGGGCOGGGTAAAGGATGAACTTTCCGAGGAGC^ 

CysProAlaGlyHisAlaValGlyllePheArgAlaAlaValCysThrArgGlyValAla 
2161 TGTGCCCCGCGGGGCACGCCGTGGGCATAm^ 

ACACGGGGCGCOCCGTGCGGCACCCGTATAAATCOOGGCGCCACACGKKKjCACCTCA^ 

LysAlaVaOAspPhelleProValGluAsnLeuGluThrThrHetArgSerProvalPhe 
2221 ctaaggcggtggactttatccctgtggagaacctagagacaa^ 
gattccgccacctgaaatagggacacctcttggatctctg^ 

ThrAspAsnSerSerProProValvalProGlnSfixPhfiGlnValAlaHisLeuHisAla 
2281 TCACGG ATAACTCCTCTCCACCAGTAGTGCCCCAGAGC ttccaggtggctcacctccatg 

agtgccimtgaggagaggtggtcatcacggggtctcgaaggtccacogagtggaggtac 

ProThrGlyScrGlyLysSerThrLysValProAlaAlaTyrAlaMaGlnGlyTyrLys 
2341 CTCCCACAGG CAGCGGCAAAAGCACCAAGG TCCCGGCTGCATATGCAGCTCAGGGCTATA 
GAG^TGTCOGTCGCCGTITTCGTGGTTCCAGGGCCGACGTATAOG TCGAG tcccg atat 

ValLeuValLeuAsnProSeiValMaAlaTte^ 



AlaHisGlylleAspPraAsnlleArgThJt^lyVal^^ 
2461 aggctcatgggatcgatcctaacatcaggaccxsgggtgagaacaatt^ 

TCCGAG TACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTCTTAATGGTGACCGTCGG 

IleThrTyrSerThrTyrGlyLysPheLeuAla^ 
2521 CGATCACGTACTCCACCTACGGCAAGTTCCTTCC^ 

GGTAGTGCATGAGGTGGArcCCGTtCAAGGAACGGCTGCCGCCCACG^ 

AspIlellell^ysAspGluCysHisSerThrAspAlaThrSerllel^uGlylleGly 
2581 ATGACATAATAATTTGTC^CGAGTGCCACTCCACGGATGCCACATCCATCTTGGGCAT^ 
TACTOTAmTTAAACACTCCT^ 

ThrVall^uAspGlnAlaGluThrAlaGlyAlaArgLcuValValLeuAlaThrAlaThr 
2641 GCACTG TCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTOGTTGtGCTCGCCACCGCCA 
CGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGA^ 

ProProGlySerValThxValProKisProAsnlleGluGluValAlaLeuSerThrThr 
2701 CXCCTCCGGG<^CGTCACTGTGCCCCATCCCAACATCGAGGAGG1TGCTCTGTCCACCA 
GGGGACGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTC 

GlyGluIleProPheiyzGlyLysAlalleProLeuGluVallleLysGlyGlyArgHis 
2761 CCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGAC 
GGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTAGTICCCCCCCTCTG 

LeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAlaLysLcuValAlaLeu 
2821 AICTCATCrrCTGlOVTTCAAAGAAGAW 

TAG AGT AG AAGACAGTAAGTTT CTTC TTCACGCTGCTTG AGCGGCGTTTCGACCAGCGTA 

GlylleAsnAlaValAlaTyrTyxArgGly^ 
2881 TGGGCATCAATGCCG TGGCCT ACTACCGCGGTCTTGACG TGTCCGTCATCCCGAOCAGOG 
ACCCGTAGTTAOGGCACOGGATGATGGCGCCAGAACTGCACAGGCAGTAGGGCTGGTCGC 
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AspValValValValAl«ThrAspAloI^uMetThrGlyTyrThz<51yAspPheJ^p^ 
2941 GCGATGTTGTCGTCGTGGCAACC«TGCCCTCATGACCGGCTATACC^ 
a;CTACAACAGCJ*GCACCGTTGGCTACG^ 

vairic^spCysAsnThrCysValThrGlaThrV^ 
3001 CGGTGATAGACTGCAATACGTGTGTCACCCAGACAGTCGATTT^ 

GCCACT ATCTGACGTT ATGCACACAGTGGG TCTGTCAGCT AAAGTCGGAACTGGGATGGA 

ThrlleGluThrlleThrl^uProGliUVspAl^^ 

3061 tcaccattqvgacaatcacx^tccccc^^ 

agtggtaactctgttagtgcgagggggtcctatc^ 

ThrGlyArgGlyLysPxx^lylltfTyrAi^PteVa^ 
3121 GGACTGGCAGGGGGAAGCCAGGCATCTACAijATT^ 
CCTGACCGTCCCCCTTCGGTCC^^ 

HetPheAspSerSerValteuCysGluCys^ 
3181 GCATGT TCGACTCG TCCG!KX?rCTGTGAGTGCTATGACGCAGGCTG TG CTT£G TATGAGC 
CGTACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTC 

ThrProAlaGluThrThxValArgl^uArgAlaTy^^ 
3241 TCACGCCCGCCGAGACEACAGTTAGGCTACGAGCGTACATGAACACCCC^ 
AGTGOGGGCGGCTCTGATGTCAATCC^ 

CyaGlnAspHlsI^GliiPheTrpGluGlyv^ 
3 301 TGTGCCAGGACCATCTTGMTTTTGGGAGGGCG^ 

ACACGGTCCTGCTAGAACTTAAAACCC TCCCGCftGAAATGTCCGGAGTGAGTA TATCTAC 

HisPliel-euSexClDThrLysGlnSeu^lyta 
3361 CCCACTTTCTATCCCAGACAAAGCAGAGTCGGGAGAACCTTCCTTACCTGGTA^ 

GGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGQWVTOGACCATGGCATGG 

AlaThxValCysAlaArgiaaGlnAlaProProProSertrpAspGlnMetTrpLysCys 
34 21 AAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATC^ 

TTCGGTGGC^OVCGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCT^ 

LeuIleArgl^uLysProTlirlieuHisGlyProThrProlAulAutyrArgi^euGlyAla 
3481 GTTTCATTCGCCTCAAGCCCACCCTCCATGGGCCAACACXCCTGCTATACAGACTGGG^ 
CAAACTAAGCGGAGTTCG<^TCGGAGGTACCCGGTTGTGGGGACGATA^TCTGACCCGC 

ValGlnAsnGluIleThrLeuThrHisProValThrLysTyrlleMetThrCysMetSer 
3541 CTGTTCAGAATGAAAT^CCCTGACGCACCCAGTCA^ 

GACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATC 

3601 c ^^®££^y^ 

GCCGGCTGGACCTCCAGCAGTGCTQGTGGACCCACGAGCAACCGCCGC^ 

AlaAlaTyrCysLeuSerThrGly<^sValVallleValGlyArgValValLeuSeiCly 
3661 TGGCCGCGTATTGCCTGTCAACAGGCTGCG TOGTCATAGTGGGCAGGGTCGTCTTGTCCG 
ACCGGCGCATAACGGACAGTTG TC CG ACGCACCAG T ATCACCCG TCCCAGCAGAACAGGC 

LysProAlallelleProAspAxgGluYalLeuTyrArgGluPheAspGluMetGluGlu 
3721 GO AAGC CGGCAATCATACC TGACAGGGAAG TCCTCTAC CGAGAGTTCGATGAGATGGAAG 
CCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGG 

CysSerSlnHisLeuProTyrlleGluGlnGlyMe^ 
3781 AG TGCTCTCAGCACTTACCGTACATCGAGCAAGGGATG A 
TCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCT^ 

LyaAlal^uGlyiie^uGlnThrAlaSerArgGliUaaGluVallleAlaProAlaVal 
3841 AGAAGGCCCTCXX^CTCCTGCAC^CCG^ 

TCTTCCGGGAGCCGGAGGACGTCTGGCGCAG 

GlnThrAsnTrpGlnLysLeuGluT?urPheTrpAlaLysHlsMetTrpAsnPhelleSer 
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3901 TCCAGACCAACTGGCAAAMCTCGAGACCTTCTGGGCGAAGCATATG^^T^^ 
AGCTCTGGTlGACCGTTrTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGT 

Gly I leGlnTyr LeuAlaGiyJJeuSarThrLeuProGlyAsoProAlal leAlaSerLeu 
3961 GTGGGATACAATACTTGGCGGGCTTGTCAACGC TGCCTG<^A^^CCCGCCATT^CTTC3^ 
CACCCTATGTTATCAACCGCCCGAACAGTTGOGACGGACCATTGGGGCGGTAACGAAGra 

MetAlaPheThrAlaAlaValThrSerProI^uThr^ 
4021 TCASGGCTTTTACAGCTGCTGTC^ 

actaccgaaaatgtceacgacagtggtcgottgattc 

Il^uGlyGlyTrpValAlaMaGln^^ 
4081 AGATATTO^GC^TGOTTGGCTGCCXA^ 
TGTAIAACXXXCCCACCCATC 

GlyAlaGlyLeuMaGlyAlaMaUeGlySerValGlyLeuGlyLy^l^IleA^ 
4141 TGGGOGCTGGCOTAGCTGGCGCCGCCATCGGCAG ' rt ^ TT ^^^^*^5^ < ^^t2SS?SS^^5tT^^ 

acccgcgaccgaatcgaccgcggok;tagccgtcacaac 

Ilel^euAlaGlyTyiClyAlaGlyValMaGlyAlal^uValMaPheLysIleMetSer 

4 201 acatccttgcafiggtatggcgogggcgtggoggsagctct^^ 
tgtaggaacgtcccaiaccgc&cccgc^^ 

GlyCluVall^oS^hi^luAspLeuValAsnl^uI^uPrQAlari^uSerProGly 

4 26 1 gcggtcaggtcccctccacggaggacctggtcaatct 

cgccactccaggggaggtgcctcctggaccag tt agatg acgggcggtagg agagcgggc 

AlaLcuValValGlyValValCysAlaAlalleLeuArgArgHisValGlyProGlyGlu 
4321 GAGCCCTCGTAGTCGGCGTGGTCIXjTGCAGCAATACTGCGCCGGCACGTTGGCCCGG^^ 
CTOGGGAG»TCAGCCGCACCAGACACGTCGTTATGAC^ 

GlyAlaValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHlsValSer 
4 381 AGGGGG CAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCXriC 

TCCCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCOCCTTGGTACAAA 

ProThrHisTyrValProGluSerAspAlaAlaAlaArgvalitaMalleteuSerSer 
4441 CCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCACTGCCAXACTCAGCA 
GGGGGTGCGTCATGCACGGCCTCTCGCTACGTCGACGGGCGCAGTG 

I^uThi^alThrGlnr^ul^uArgArgl^uHisGlnTrpIleSerSerGluCysThrTte 
4 501 G CCTCACTG TAACCC^ CTCCTG AjGGCGACTGCACCAG TGGATAAGCTCGGAGTGTACCA 
CGGAGTGACATTGGGTCGAGGACTCCGCT^^ 

ProCysSerGlySexTrpLeuArgAsplleTrpAspTrpIleCysGluValLeuSerAsp 
4561 CTCCATGCTCCGGTTOCTGGCTAAGGGACATCXGGGACTGGATATGCGAGGTGTTGAGCG 
GAGGTACGAGGCCA/MSGACC(^TTCCCT5TAGACCCTGA(XTATA0GCTCCACAACT0GC 

PheLysThrTrpLeuLysAlaLysLeuMetProGlnLeuProGlylleProPheValSer 
4621 ACT TTAAGACCTGGCTAAAAGCTAAGC TGVTGCC^CAGCTG ccix^^tcccctttgtgt 
TGAAATTCTGGACCGATTTTCGATTCGAGTACG^ 

CysGlnArgGlyTyrLysGlyValTrpArgVal^ 
4681 CCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCMGCACA 

GGACGGTOGOGCCCATATTCCCCCAGACCGCTCACCTGCCGXAGXACGTGTGAGCGACG 

CysGlyAlaGluIleThrGlyHlsValLysA^nGlyThxMetArgllcValGlyProArg 
4741 ACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCGGTCCTA 
TGACACCTCGACTCTAGTGACCTGTACAGTlTrTGCOT 

ThrCysArgAsnMetTrpSeiGlyThrPheProU 
4801 GGACCTGCAGGAACATGTGGAGTGGGACCTlCCCCATTAMPGCCTACACCAC 
CXTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGATG 

ThrProLeuPix>AlaProAsnTyrfhr PheAlalauTrpArgValScr Al aG luGluTyr 
4861 GTACCCCCCTTCCTGCGCCGAACTACA0GTTOGCGCTATGGAGGGTGTCTGCAGAGGAAT 
CATGGGGGG AAGGAOGOGG CTTGATGTGCAAGCGOGAT ACC TCCCACAG ACGTC1CCTTA 
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"» SSSSSSSSSSSSSSSSSS3SSSSSSSS 

valThrProCysAlajaaGluGluGlnLy^^ 
5941 TCG TCACCCCGTGCGCCGCGGAAGAACAG AAACTGCCCATCAATC^^ 

I^uAxgHisHisAsnLeuValTyrSer^ 
6001 TGCTACGICACCACMTTTGGTGTAT^ 
ACGATGCAG1<KTGTTAAACCACATAA^ 

LysValThrPheAspArgl^uGln^^ 
6061 AGAAAGTCACATTTGACAGACTGC^ 

ValLvsAlaAlaAlaSertysValLysAlaAsnlieuLeuSerValGluGlu^ 
6121 AGGTOAAAGCAGC^ 

LeuThrProProHisSerAlaLysSerLysPheGlyTyrGl^ 

6181 gcctgacxk:cccc»»ctcagccaaatccaagtti^ 

CGGACTGCGGGGGTCTGAGTCGGTTTAGGTTCAAACCAATAC^ 

Hia^aArgLysAlaValThrHisIleAsnSerVairrpLysAspI^uLeuGluAspAsa 

6241 GCCATGCCAGAAAGGCCGTAACCCA^ 

CGGTACGGTCTTTCCGGCATTGGGTGTAG TTGAGGCACACCTTTCTGGAAGACCTTCTGT 

ValThrProIleAspThrThrlleMetAlaLysAsnGluValPheCysValGlnProGlu 

6301 ATGTAACACCIATAGACACTACCATC^^ 

TACATTGTGGTTATCTGTGATGGTAGTACCGATTCTTGCTCCAAAAGACGCAAGTCGGAC 

LvsGlYGlyArgLysProAlaArgrieuIleValPhePrcAspLeuGlyValArgValCys 

6361 AGAAGGGGC^fcGTAAGCCAG 

TCTTCXCCCCAGCATTCGGTCGA^ 

GluLysMetAlaLeuTyrAspValValThrLysLeuProLeuAlaValKetGlySerSer 
6421 GOSAAA^TC^CTTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTC 

CGCTTTTCTACCGAAACATGCTGCACCAATGTTTCGAGGGGAACCGGCACTACCCTTCIW 

l^lyPheGlnTyrSerProGlyGlnA^ 
6481 CCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTGCAAGCGTGGAACT 
GGATGCCTAAGG!TTATGAGTGGTCCTGTCGCCCAACTTAAGGA^ 

LysLysThrProMetGlyPheSerTyrAsp^Arg^ 
6541 CC^AAAACCCCMTGGGGTTCTCGTATGATACCCGC^ 

GGTTCTTTTGGGGTTACCCCAAGAGCATAC TATGGGCGACG AAACTGAGGTGTCAGTGAC 

SerAspneAxgThrGluGluManeTyxGln<^s^ 
6601 AGAGCGACAICCGTACGGAGGAGGCAATCTACCAATCTO 
TCTCGCTCTAGGCATCCCTCCTCCGTTAGATGGTTACA^ 

ValAlalleLysSerLeuThrGluArgLeuTy^alGlyGlyPxoI^uThrAsnSerArg 

6661 GCGTGGCCATCMGTCCCTCACCE^ 

CGCACCGGTAGTTCAGGGAGTGGCTCTCXG^ 

GlyGluAsnCysGlyTyrArgArgCysArgAl^^ 
6721 GGGGTCAGAACTGCGGCTATOGCAGGTGCCGCGCGAGCGGOTTACTC 
CCCCCCttriTCACGCCGATAGCGTCC^ 

AsnThrLeuThrCysTyrlleliysAlaArgAlaAlaCysArgAlaAlaGlyl^ 
6781 GTAACACCCTCACTTGCTAOW^GGCCCGGGCAGCCro 
CATTGTGGGAGTCAAO^TGTAGTTKXGGGCCCGTC^ 

CysThrMetLeuValCysGlyAspAspLeuValVallleCysGluScrAlaGlyValGl^ 
6841 ACTGCACCATGCTCGTGTGTGGCGACG ACTTAGTCGTTATCTG TGAAAGOGC^^GGGT^C 

tgacg tggtacgagcacacacog ctgctgaatcagcaatag acactttcgcgcc CCCAGG 
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ValGluIleArgGlnValGlyAspPtusHisTyrVa^^ 

TACAC CTCTATTCCGTCCACCCC CTGAAGG TGATGCAC TGCCCATACTGATGACTGTTAG 

LysCysProCysGlnValProSerProGluPhe^ 
4 981 TCAJttTGCCCGTGCXAGGTCC^^ 

AGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAG TGTCTTAACCTGCCCCACGCGG 

HisArgPheAlaProProCysLysProLeuI^^ 
5041 TACATAGGTTTGCGCCCCCCTGCAAGCCCTTGCTG 

ATGTATCCAAACGCCXXSGGGACGTTCXXiGAACGACGCCC^ 

LeuHisGluTyrProValGlySerGln^^ 
5101 GACTCC^rcAATACCCGGTAGGGTCGCAM 
CTGAC&TGCTTATGGGCCATCCCAGCGra 

Z^uThrSeiMetljeuThr^ 
5161 TGTTCACGTCCATGCTCACTCATCCCTCCCATATA^ 

ACAACTGCAGGT ACGAGTGACT AGGG AGGGTATATTG TCG TCTCOG COGGCCCG CTTCCA 

AlaArgGlySerProProSerValJUa^^ 
5221 TGGCGAGGGGATCACCCCCCTCTGTGGCCAGCTCCTCGGCTJ^ 
ACCGCTCCCCTWnttWGGGAGAC^^ 

I^uLysAlaThrCysThrMaAsnHisAspSerPi^^pAlaGlu]^un«CluAlaA^ 

5281 CTCTCAAGGOUICTTGCACCGCTAAC^ 

GAGAGTTCCGTTGAACGTGGOGATTGGTACTGAGGGGACTACGACTCGAGTATC 

LcuLeuTrpArnGlnGluMfitGlyGlyAsnl leThrArgValGluSfcrGluAsnLy^Val 
5341 ACCTCCTATGGAGGCAGGAG ATGGGCGG CAACATCACCAGGGTTGAGTCA^AAACAAAG 
TGGAGGATACCTCCGTCCTCTACCCGCCGTTGTXGTGGTCCCAACTCAG 

Valllel^uAspSerPheAspProI^uV^ 
5401 Tt^TX^TTClta^CTCCTTCGAT^^ 

ACCACTAAGACCTGAGGAAGCTAGGOGAACACCGCCTCCTCCTGCTCGCCCTCTAGAGGC 

ProAl aGl u HeLeuArgLysS erArg ArgPheAl aGloAlal^uProValTrpAlaArg 
5461 TACXCGCAGAAfcTCCTCCGGAAGTCTOG^ 

ATGGGCGTCTTTAGGACGCCTTCAGAGCCTCTAAGCGGGT^ 

PrcAspTyrlUmProPircI*uValGluTh^ 
5521 GGCCGGACTAXAACOCCCCGCTAGTGGAGACGXGGAAAAJW^CCGACTACGAACC^CTC 
CCGGCCXX^TATTGGGGGGOGATCACCTCTCCACCTTTTTCGGGC^ 

ValHisGlyCysProLeuProProProLysSerProProvalProProProArgLysLyfl 
5581 TGG TCC ATGGCTGTCCGCTTCCACC TCCAAAGTCCCCTCCTGTGCC TCOGCCTCGGAAGA 
ACCAGG TACCGACAGGCGAAGG TGGAGGTTTCAGGGGAGGACACGGAGGCGGAGCCTTCT 

ArgThrValVall^uThxGluSerThrLeuSer^ 
564 1 AGCGGACGGIXMTCCTttCTGAAICAArc 

TCGCCTGCCACCAGGAGTGACTTAGTOjGGATAGAIGAGGGAA 

SerPheGlySerSerSerThrSerGlylleTh^ 
5701 GAAGCTTTGGCAGCTCCTCAACTTCCGG CATTAOGGGCGACAATAC GACAAC ATCCTCTG 
CTTOGAAACCGTCGAGGAGTTGAAGGCCGTAATGCCCGCTGTTATCCTGTTGTAG 

ProAlaProSerGlyCysProProAspSerAspAlaGluS^ 

5761 AGCCCGCCCCTTCTGGCT«:CCC^ 

TCXSGGCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTC^ 

LeuGluGlyGluProGlyAspProAspLeuSerAapGlyS^^ 

5821 CCCnGGAG«KWAGCCTG(^TCCGG^ 

(^ACCTCCCCCTCGGACCCCTAGGCCTAGAATCGCTGCC^^ 

GluAlaAsiiAlaGluAspValValCysCy&SerttetSe^^ 
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GluAspAlaAl^erLeuArgAlaPheThrGluM ; a^^ 
6901 M&AGGACGCGGCGAGCCTGA^^ 
TCCTCCTGO^CGCTCGGACTCTCGG 

GlyA3pProProGlnProGluTyrAspI^ 
6961 CTGGGGACCCCCCACMCCAGAATACGACTIX^ 
GACCCCTCGGGGGTOTTWTCTTATGCTGAAC^ 

servalJUaHisAspGlyttaGlyLysA^ 
7021 TGTCMTCGCCCAOGAaSGCGCTGGMA^^ 

ACAGTCA£^GGGTGCRKICGCGACCTTTCTCCCA^ 

ProI>uAlaArgAlaAlaTrpGluThrAlz^^ 
7081 CCCCCCTCGCGAGAGCTCCGTCGGAGACAGCAAGAG§CACTC^ 
GGGGGGAGCGCTCTCGACGCACCCrCTGTCGTTCTG 

AsnllelleMetPheAlaPrcyrhrLeuTrpAla^MfirtneLeuM^ 
7141 GCZAACATAATCATGTTOSCCCCCACACTGTCGGCXaAG^ 

CGTTGTATT AGTACAAACGGGGGTGTGACACCCGCTCC lACTATGACTACTGGGTAAAiGA 

SerVall^ulleAlaArgAspGlnl^GluGlnXial^uAspCysGlulleTyxG 
7 201 TTAGCGTCCTTATAGCCAGGGACCAGCTTGAACAGG€CCTCGATTCCGAGATC 
AAXCGCAGGAATATCG&TCCCTGCTCCAACT^ 

CysTyrSexIleGluProLeuAapLeuProProlielleGlnAr^tieu 

7261 cctgctactccatagaaccacttgatctacctccaaS^ttcaaagactc 
g<3acgatgaggtatcttc^tgaactagatggaggt^ 
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